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Abstract

Satellite communication networks is advocating the usage of millimeter wave (mmWave) frequencies to cater to the growing
demand for high data rates, broader bandwidths, and reliable communication links. Howeuwer, these high-frequency bands are
increasingly prone to propagation impairments, particularly those originating from atmospheric conditions such as rain, clouds,
and ionospheric disturbances. Among these, cloud attenuation faces a notable challenge due to its extended duration and
periodic occurrence, specifically in tropical regions like India. Low-level clouds, such as cumulonimbus, present significantly to
signal degradation due to their dense water content. This research focuses on the importance of understanding and predicting
cloud attenuation and its effect on satellite link reliability. To this end, machine learning algorithms—linear regression, decision
trees, and multiple regression—are employed to estimate cloudrelated parameters such as cloud cover, derived from atmospheric
temperature, humidity, and pressure data. Furthermore, in the absence of fully developed cloud attenuation measurement
systems in many tropical regions, predictive attenuation models serve as indispensable tools for system design and planning. This
work reviews existing models, discusses their limitations, and explores ways to adapt them to local climatic conditions to ensure
effective and flexible satellite communication.

1.INTRODUCTION

The rapidly increasing demands in high data rates, high bandwidths and communication links availability
requirements are forcing to deploy millimeter wave frequency in satellite communication networks that can meet
these requirements. The presence of atmospheric abnormalities and severe weather conditions may adversely
affect the transmission performance of earth-satellite communication links operating in the millimeter band range
which leads to link outage. When a RF signal propagates through rain or clouds, then it suffers from power loss
due to hydrometer scattering. This research work describes different types of propagation impairments and how
it affects communication links.

This work considers cloud attenuation as a serious impairment among all propagation impairments. Because in
terms of time intervals cloud attenuation occupies longer durations than rain. Cloud attenuation occurs hours
and days together. Therefore it is important to investigate the impact of cloud attenuation on satellite
communication links as well as to predict cloud attenuation statistics with high frequencies. Clouds are
distinguished by the heights above ground level at which they form. They are classified as high level, medium level
and low level clouds. Among all these clouds low level clouds like cumulonimbus having huge water molecules
can lead to remarkable attenuation throughout the year. In order to investigate how low level clouds feedback
process can affect climate sensitivity, an initial step is to recognize frequent changes in the cloud cover. The cloud
cover is obtained by integrating the saturated part of the temperature, humidity and pressure.

2. Overview of satellite communication

A satellite is an object that has been deliberately positioned into space. These are called artificial satellites to
separate them from characteristic satellites, for example, earth's moon. As it is known that satellite correspondence
utilizes satellites set above the earth by VSATs set on the earth. It is likewise utilized for television broadcasting.
Satellites utilize microwave frequencies for correspondence with one another utilizing satellite connections and
with earth stations or VSATs. There are various sorts of satellite depending on the applications and their orbits.
Satellite frameworks can give inclusion to remote spots where the terrestrial one's comes up short. For
correspondence between remote territories (hilly landscapes, island and so forth) and the fundamental land
satellite correspondence is the cost practical choice. The high-frequency radio waves utilized for broadcast
communications joins travel by the view are impeded by the bend of the Earth.
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The motivation behind correspondences satellites is to hand-off the signal around the bend of the Earth
permitting correspondence between generally isolated geological focuses. Without the assistance of satellites, we
can't anticipate climate. Satellites have the greatest commitment to making expectations about climate change by
considering the few worldwide situations. Climate gauging is done through fitting extraordinary instruments and
incredible cameras in the satellites which screen different atmosphere factors, for example, air temperature,
pressure and humidity. The greater part of the correspondence links is overseen by means of satellite since they
are a lot more secure from assault by foes.

2.1 Overview of propagation impairments

The spreading impairments relating to entire planet-space connections stem primarily mostly in troposphere and
ionosphere. At the point when a microwave signal spreading through the downpour, clouds, snow, hail, or ice
beads, radio waves experience the ill effects of intensity loss due to hydrometeor dissipating. This comprises the
fundamental impediment of working at the RF frequencies such as Ku, K, Ka recurrence groups. At higher
frequencies more noteworthy than 10 GHz the climate impacts turn out to be progressively serious and the most
significant lessening factor at the Ku and Ka groups is basically brought about by downpour and cloud.

The fast development of satellite administrations utilizing higher frequency groups, for example, the Ka-band has
featured a requirement for evaluating the impact of various proliferation debilitations. After Rain, the next large
debilitation is cloud weakening. It makes unsettling influence for the longer-term as opposed to rain constriction.
In beacon estimations, the varieties of the signal level are deciphered as propagation impairments. The serious
Propagation weakness factors considered are: cloud attenuation, vaporous assimilation, Downpour constriction
melting layer lessening, tropospheric shines, and low-angle blurring.

2.2 Effect of propagation impairments on satellite communications

Satellite correspondence frameworks definitely go up against proliferation disabilities during signal transmissions
between the satellite and earth stations in the framework. Such impedances must be considered in the plan of any
satellite correspondence framework that is obliged to meet indicated execution objectives [12]. Propagation
impairments should in this way be assessed and obliged, in business correspondence frameworks that offer types
of assistance to clients anticipating a guaranteed degree of connection accessibility. Current satellite
correspondence frameworks show quick advancement in an assortment of uses that contrast from the traditional
uses of trunk phone. Accessibility and quality rules for novel administrations may vary significantly from those of
set up frameworks, forcing significant prerequisites for new radio wave proliferation data. For instance, the
development of little margin, low-accessibility business administration’s has animated a lot of enthusiasm for
propagation debilitations, for example, cloud attenuation and tropospheric glitter that may cause low degrees of
path fading for a noteworthy level of the time.

For some new administrations, for example, those gave by very small aperture terminal (VSAT) and business-
administration systems, restricted power margins are accessible. For such frameworks, propagation debilitations
may exist at moderate levels for most of the time. New media transmission satellite administrations are being
worked on, new framework prerequisites are being planned, and propelled techniques for adaptively reacting to
signal debilitations are being acquainted with conquering different framework restrictions, particularly power
impediments stood up to in microwave and millimeter-wave frameworks. L-band administrations are venturing
into the land versatile satellite territory, expanding the requirement for data on shadowing and multipath
impairments [12]. It is notable that the most serious spread disabilities in such out-door frameworks are created
by downpour and cloud. To alleviate such hindrances it is imperative to explain the level of connection execution
corruption and to assess its relief methods quantitatively [13]. In the microwave range, various meteorological
variables consolidate to drive various proliferation disabilities [14]. A precise appraisal of the impedances
influencing satellite connections is basic for a legitimate structure of the physical layer and for the exhibition
assessment of the system [15].

2.3 Types of propagation impairments

Propagation impairments are broadly categorized into five types. Those are Rain attenuation, Cloud attenuation,
Oxygen and water vapor attenuation, Scintillation effects, Ice crystal depolarization.

2.3.1 Rain Attenuation on Satellite Communications

In areas with heavy rainfall, earth stations are designed to operate at high transmission power so as to compensate
the effects of nature. When rain droplets fall on electromagnetic signals propagating through atmosphere, the
resulting interference is called rain attenuation. This leads to weakening of transmission of signal as the rain
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drops absorb and scatter it. Signal transmissions at 6/4 GHz frequency ranges shall undergo less attenuation,
while signal that are transmissions at the frequencies of 14/12 GHz will experience greater attenuation. The signal
transmissions at 6/4 GHz signals shall have attenuation effect by rain storms approaching hurricane conditions.
6/4 GHz frequency is having a wavelength of 7 centimeters & 14/12 GHz frequency is having a wavelength 2
centimeters. It means if there is a signal which nears half the wavelength in diameter, rain in its propagation path
would lead to attenuation of the signal. The duration for which a transmission might be affected and the depth
of attenuation depend on total rain.

When satellite services and equipment functioning are designed, care must be taken to incorporate rain fade
margin such that effect of attenuation is reduced. The rain fade margin can be defined as the amount of excess
power given to the strengthen signal by satellite in compensating the possibility of rain attenuation. External
factors can affect transmissions. Hence, satellite engineer must include link and power margin in the calculations
while designing satellite link services related to signal transmissions. This is to ensure that during normal rainfall,
attenuation won'’t affect the service.

2.3.2 Cloud attenuation

To carry message channels separately on single radio path at same frequency, orthogonally polarized signals can
be used. For example, in terrestrial links that operate at less than 10 GHz [20]. The attenuation due to rainfall
and some types of clouds determine how reliable the links for earth-space communication are above 10 GHz
frequency. This is important in system planning/designing [17].Satellite communication systems are being used
extensively in millimeter wavelength region of radio spectrum. The result is - increased interest in studying how
clouds affect propagation [23]. Although there are no acute effects as those of rain, cloud is located for a greater
amount of time [23].

Attenuation by clouds can create deep fades in this band. So it is a major factor to define attenuation margins for
slant path links with higher probability of occurrence [30]. Attenuation due to clouds in millimeter & microwave
segment lead to degradation of radio communication, especially for low noise receiving systems. Considering
entire Indian subcontinent over the different geographical region, there is still scarcity in measurements on cloud
morphology [31].Clouds consist droplets of water. It is not only the total water content but also water in droplet
form. The known fact is that before the rainfall occurs, the consideration of cloudy conditions in tropical stations
across India. Clouds that are present before the rainfall occurrence purely contain rain and such clouds are having
huge water particle density. So we need to measure attenuation in radio wave by cloud in a region having
maximum particle density. Radio engineers of satellite communications primarily require these results [31].
2.3.3  Oxygen and Water vapor attenuation (atmospheric gaseous absorption)

As water vapor has continuous presence across atmosphere and clouds with pronounced occurrence than rainfall.
The effects of both cloud and water vapor are appropriately specified and gaseous attenuation in contrast with
cloud and rain attenuation are always present [29]. Water vapor contributes to losses and also influences variance
in scintillation intensity of atmospheric turbulences. In order to study outcomes of attenuation rain and cloud,
the effects of gases must be eliminated from the radiometer for total attenuation measurement. The oxygen
attenuation is smaller than water vapor and it can be precisely designed or modeled if we know temperature and
atmospheric pressures at ground levels. Oxygen attenuation can be assumed to be same at both rainy and non-
rainy conditions [26].

Generally we neglect attenuation that clear-air causes for most of the applications in satellite communications at
low frequencies. But it is not so at higher frequency bands like at 10GH:z frequency, clear air attenuations are
caused by oxygen and water vapor [27]. Atmospheric water vapor can be called as perceptible water vapor (PWV),
and many a times also known as total perceptible water (TPW).The cumulative water content from ground level
to the top levels of the atmosphere is called PWV in liquid form, meaning that ice is not considered [41].

2.3.4 Scintillation effects

In the amplitudes of satellite signals, several decibels of scintillation can be detected as thick cumulus clouds cross
the radio path in hot summer season. Scintillations with planet satellite path using 7 m and 0.6 m resonator were
typically recorded at 19GHz and 28GHz [21]. A significant fact is that in the propagation direction the start and
end of the scintillation events coincide to a visible observation of beginning and finishing of clouds. The actual
fluctuations in amplitude of received signal are scintillations. Thick clouds comprise large amounts of water and
water vapor resulting in high refractive index values that lead to scintillation effects. These values are distinct from
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the nearby clear. Dry scintillation effects are characterized by negligible average attenuation or signal absorption
through the cloud. They don’t have much effect [21].

When a wave travels along different media in troposphere, atmospheric irregularities in radio refractivity occur
thereby causing tropospheric scintillations. The satellite signals tend to fluctuate fast with frequencies above
10GHz. The effects of fluctuations differs from region to region due to difference in weather parameters, primarily
temperature and relative humidity[83](84][85][86][88][89][101]. The International Telecommunication Union
claims that depending on probability of exceedance time, fade depth of tropospheric scintillation may touch few
dBs.

2.3.5 Ice crystal depolarization

Ice crystals at high altitude pose as a limitation. Crystals of ice form in clouds. They form in different ambient
temperature - dependent shapes around the dust particle nuclei. At temperature less than -25°C, needles prevail
and in temperature between -9°C to -25°C, plate formation takes place. Single crystals in cirrus clouds may exists
in un specified time.

This process gives rise to an internal structure for thunderstorms, due to presence of pure ice crystal sat the top,
raindrops at the bottom ultimately leading to both of them mixing while forming a cloud [20]. Ice clouds ignored
in link budget calculations due to negligible effects [22]. Ice crystals in the maritime atmosphere tend to depolarize
the signal heavily and are large in size [20]. Same shapes are not found in couple ice crystal due to aerodynamic
and electrostatic forces. They needn’t align in the same way resulting in depolarization of the signal [20]. The
depolarization ratio affiliated with water clouds is directly proportional to backscatter and is positively correlated
to the optical depth [35]. Huge levels of attenuation in optical wavelength band are caused by ice particles [49].
2.4 Cloud attenuation as a serious propagation impairment

Cloud Attenuation occurs hours and days together but rain attenuation occurs only for a few minutes in a day.
In terms of severity rain attenuation is high, but in terms of time intervals cloud attenuation occupies longer
durations than rain. Usually probability of rain is less than 5-8% of the time in most temperate zones, where
as the occurrence of clouds is 50 to 70% of the time in an year. So, the frequent occurrence of clouds leads to the
link degradation for a long portion of time. Also, it is essential to observe probability of exceedance for cloud
attenuation in both monsoon & winter season, because notable amount of cloud attenuation occurs during
winter& monsoon seasons [48]. This cloud attenuation has notable contribution towards overall signal
deterioration at many frequency bands [48].Cloud attenuation produced in all slant paths is large for very high
time percentages. A random behavior is observed in liquid water content and cloud attenuation [47].

Clouds at equatorial countries that are wet cover make up for 70% of space for a lot of time in an year [45]. Year
2012 noted the highest mean cloud cover of 71.6% over Indian ocean, because of low pressure and high
temperature regions developed around the Indian sub continent during pre-monsoon periods. This high level of
cloud cover leads to high amount of cloud attenuation which is a serious propagation impairment. Periodic
propagation information on impairment mechanisms includes seasonal and daily variations at cloud
considerations such that high quality services are provided by the design of satellite systems. Cloud attenuation
for satellite links is affected by diameter of the antenna, antenna’s elevation angle, operational frequency,
meteorological conditions in a particular location [36][34].

3. Effect of cloud attenuation on satellite communications

The precipitation effect is profound in satellite communications, but continuous existence of cloud cover causes
attenuation for longer time. For systems having low margin and operating frequency ranges of 30/20 and 50/40
GHz, cloud attenuation tends to increase very much. Earth space communication system operating at and above
10GHz are negatively affected with rain and plays a crucial role in causing high attenuation in propagating
electromagnetic waves. Being rain is very serious, but in presence of rainfall across earth-space links are bounded
to roughly 5% to 10% of the time across the year[104][105]. Factors like clouds causing restricted deterioration
on the system but are represented by a very high likelihood in occurrence approximately 70% to 80% across the
yearly time. The importance is to investigate the impact of cloud attenuation effect by electromagnetic waves as a
models in predicting cloud attenuation statistics with high frequency and low elevation angles [42].

Earth space communication systems that have very high data rates are completely obstructed by clouds because
micrometric droplets have high density and marked optical extinction properties [44]. cloud temperature,
wavelength of the radio wave, cloud water particle density variations are the basic parameters in the calculation of
radio wave attenuation [33]. In the past, some models were created for predicting cloud attenuation in receiving
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as input for meteorological quantities and define empirical expressions. Other share high precision for
comprehensive models for relying on some types of key features on clouds [42].

4.Formation of clouds

Clouds are produced when there is water vapor, cloud condensation nuclei (CCN), and ice nuclei (IN) [1]. Visible
accumulation of smaller bubbles of water and ice crystals is termed as cloud. It floats in air and is formed when
air that is moist and warm levitates to cool down. 50% of surface of Earth is covered with clouds. Thus, we can
understand their influence on communication systems. A quick precipitation of water vapor creates a cloud. Two
facts contribute to cloud appearance are stability of the atmosphere and increasing development of precipitation
of cloud. When a cloud is being formed, atmosphere cools to a temperature less than its dew point. When excess
of water vapor is present, it condenses. Clouds form when there are moisture changes from gas to liquid happens.
When the ground and the air layer right above it heats up due to solar radiation, the air becomes lighter and there
is an upward flow of clouds.

4.1. Types of Clouds

While preparing radiation budget of atmosphere, clouds are taken into consideration, particularly in upper and
lower boundaries of the troposphere. When there is a decrease in static stability, they radiate leading to an increase
in heat transfer in the upward direction. So to act and regulate the net infrared radiation budget with the surface
of Earth [2]. Among the many atmospheric processes correlated tom tropical cyclones, the clouds present in these
systems play a significant role for sustenance and intensification. The latent heat let out by clouds present in
tropical cyclones determine their intensification and movement [3]. There are many features for clouds like shapes
and spatial scales, so there are various effects on solar and infrared radiation [4]. In satellite meteorology and
climatology studies, how the different types of clouds [5][6][7][8][9][10] are distributed at different altitudes is
studied. Figure 1 represents the types of clouds at different altitudes.

Based on the height at which they form, clouds are categorized into three types:

> Clouds at high altitude: These clouds occupies 20,000 feet distance above the sea. Cirrus, cirrostratus
and cirrocumulus clouds comes under high altitude clouds classification.
> Clouds at mid altitude: These clouds occupies 6,000 to 20,000 feet distance above the sea. Altostratus,
altocumulus and nimbostratus clouds comes under mid altitude clouds.
> Clouds at low level: These clouds occupies 6,000 feet distance above the sea. Stratus, cumulus,
cumulonimbus and stratocumulus clouds comes under low level altitude clouds classification which is shown in
Figure 2.
The below Figurel shows the different positions of clouds at different altitudes.
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Figurel Altitude of clouds
The below Figure 2 shows the major four types of low level altitude clouds. The following clouds are highly
responsible for cloud attenuation.
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Figure 2 different type of low level altitude clouds

The below Tablel gives the major characteristics like vertical extent, horizontal extent and water content of low
level altitude clouds.

Tablel. Characteristics of low level altitude clouds

Cloud type Vertical extent, Horizontal extent, Water cont,
H,[Km] L. [Km] s [8/m°]

Cumulonimbus 3.0 4.0 1.0

Cumulus 2.0 3.0 0.6

Nimbostratus 0.8 10.0 1.0

Stratus 0.6 10.0 0.4

5. Effects of clouds on communication system

Oxygen molecules, water droplets and ice together make a cloud. Significant attenuation can be achieved due to
water molecules present in them. Couple of considerable facts confirms the appearances of cloud. One is
symmetry of the atmosphere in the clouds presence and second one is increasing precipitation levels within the
cloud. Free space optical communication is a fast data rate that provides links among both satellites and ground
stations. But notable amount of attenuation is offered by clouds and even complete blockage of the link. Optical
satellite communication systems are severely affected by the cloud coverage. As cloud makes up for almost 50%
of the ground surface and has an effect on radiative transfer, influence of cloud has to be accounted for in
computing processes.

Successful transmission diminishes altogether with in the height of upper cloud layer. As the cloud moves toward
the surface, the optical depth(effective) turns out to be not exactly a large portion of the optical depth(true). On
the off chance that cloud cover was consistent with season and year, at that point the dispersing bias would not
be a factor. A huge division of the surface sign returns will be related to propagation through the transmissive
cloud and aerosol. Since cloud and aerosol coverage has regular and yearly varieties. Because of the dynamic idea
of clouds and their quality fluctuation at various pieces of the world and furthermore at various seasons, there is
no basic method of choosing the most suitable fade mitigation procedures to use as a norm.

6. Importance of cloud physical temperature, cloud liquid water content and ice for cloud attenuation
modeling

There is no static temperature for existence of clouds. When the temperature is greater than0°C (per grid
volume),the highest concentration of liquid water can exist. An inverse relation exists between latitude and
physical temperature of clouds. Hence, cloud attenuation could be influenced by temperature. To understand
how cloud attenuation estimation could be improved, effective temperature at frequency ranges of 20-50 GHz are
analyzed. Among all clouds, cumulus and cumulonimbus have highest liquid water content. Cumulonimbus
clouds have highest liquid water content a very complicated structure in comparison to other clouds. The
prediction of clouds is further complicated by climatologically and depending on the liquid water content and
storm structure. More humid climate results in low cloud base. Huge quantities of surface water vapor are made

1162



International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 13s, 2025
https://theaspd.com/index.php

of high cloud water content. During storm, high freezing levels are observed. The cumulative sum of many of
these effects may arise in a crucial regional variance across the integrated liquid material pathway. Water droplets
or ice crystals can make up clouds. Low density of the dielectric ice constant and small size of the constituent
particles are a justification not to consider ice clouds in radio wave attenuation in the frequency range below
50GHez. It is for this reason that cirrus-type clouds are not much used for attenuation modeling.

7. Effects of cloud cover

In order to explore how cloud feedback processes influence climate sensitivity, an important step is to identify
significant changes in the cloud cover [51]. Cloud cover refers to the cloud covered fraction of the sky as seen
from a specific area. Cloud cover is also known as cloudiness. The cloud cover is obtained by integrating the
saturated part of the temperature, humidity and pressure [55]. The amount of incoming solar radiation which
reaches the earth depends on the level of cloud cover. The cloud cover is positively and significantly associated
with relative humidity and negatively associated with the lapse rate [53]. Changes in overcast spread have little
impact on winter temperature. The mean overcast spread increments with mean precipitation. Air temperature
diminishes with expanding overcast spread.

8. Impact and importance of cloud cover

It's an important fact that clouds affect the short wave radiation tending to increase the terrestrial radiation [50].
In order to explore how cloud feedback processes influence climate sensitivity, an important step is to identify
significant changes in the cloud cover [51]. As per the US Air force 3DNEPH satellite analysis, during the spring
time mid latitude cloud cover raises near 900mb at 35% of cloud cover and declined to zero percent cloud cover
at the point of surface [53]. Parameterization of the impact of cloud cover and total radiation of surface is a biggest
problem for many cloud models [54].Cloud cover is defined as that part of sky hidden by clouds when spotted
from a particular location. Cloud cover is measured in terms of Okta. It corresponds to sunshine duration. Cloud
cover is also called as cloudage/cloudiness/ cloud amount.. Clouds can simply impact the radiation stability of
core earth. Because enhancement of planetary albedo leads to cooling effect. Greenhouse effect of clouds leads
to heating effect [60]. The average mean cover of clouds among the oceans varies and differs from continent to
continent. It is 72.4% for Pacific Ocean. Year 2012 noted the highest mean cloud cover and the year 2008 the
lowest. Indian ocean has a mean cloud cover of 71.6%.Year 2010 noted the highest mean cloud cover and the
year 2006 the lowest. It is 69.6% for the Atlantic Ocean. Year 2011 noted the highest mean cloud cover and the
year 2003 the lowest. Arctic Ocean has a mean cloud cover of 69.3%.Year 2007 noted the highest mean cloud
cover and the year 2004 the lowest. Thus it can be concluded that there was a slight increase in the cloud cover
of pacific and Indian oceans [61]. The levels of radiative cooling during the night govern the amount of incoming
solar radiation. These two factors which in turn depends on the quantity of moisture levels in the climate. So
,whatever the process affected by atmosphere, that compulsorily involves the water exchange [102].

9. Impact and importance of temperature

Temperature issues have become a first order concern for computing systems [77]. Temperature is used to express
matter in hot stage and cold stage [78]. Temperature of a place mainly depends on a number of meteorological
parameters viz warm/cold air masses, nature of soil, topography, solar radiation, cloud cover [98]. Temperature
can be defined as a measure during the day by considering corresponding coldness and hotness. [100]. Exact
predictions of different temperatures during the cold season is vital for communication channel [103]. Over the
past century global mean surface temperature observed an increment of 0.75 degrees centigrade approximately
[61]. Clouds have a significant effect on temperature changes [61]. One of the challenges is to accurately calculate
the future course of atmosphere due to its dynamic nature and its influence on the temperature on Earth [71].

In order to plan and govern extreme climates, minimum and maximum temperatures have to be predicted
periodically [71]. Most of the forecasting models provide short term predictions of just a few days, but the long-
term forecasts can still be useful [75]. The data received from the Indian meteorological department are the
extreme maximum temperature, low minimum temperature, maximum& minimum temperatures, 9 am & 3 pm
temperatures. Results of extreme maximum temperatures are practically important due to its day time temperature
issues [97]. A critical area in the field of applied meteorology is the prediction of frost events, which is nothing
but low minimum temperatures [99].
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Climate modeling studies suggests that halving of carbon dioxide will create an increased global mean temperature
of 2 to 3 degrees centigrade [50]. High albedo and more reflectiveness leads to cooling the planet as most of the
radiation is returned to space [52]. Albedo indicates how much amount of light hits a surface which is reflected
without any absorption [52]. In Northern India, cold-wave and heat-wave conditions can be predicted with proper
forecasts of min&max temperatures during winter and summer respectively [94]. Surface weather parameters plays
a key role in satellite link design [95]. The lowest minimum level temperatures of cold season lies below zero
degree centigrade. The variations in minimum temperatures are caused by the presence of variable winds due to
topography [96].

10. Impact and importance of pressure

At any particular point in the atmosphere clouds form when the vapor pressure of water exceeds the vapor pressure
that would be saturated w.r.t. liquid water or ice [53]. Barometer is used to measure pressure [78]. Variations of
atmospheric pressure can bring out induced quasi periodic surface determinations [108]. Monsoons are
characterized by huge scale seasonal reversals of pressure [107]. To estimate the atmospheric pressure at different
altitudes over sea level, it is important to consider a change in density of atmosphere, water vapor practical pressure
and temperature. Again diurnal pressure variations are in anti phase with temperature variations [110].

11. Impact and importance of Relative Humidity

Humidity is an integral water vapor in air [115]. For ease of computations from simple wet and dry bulb recordings,
relative humidity is used [115]. RH defines the amount of moisture in the atmosphere. A low RH value adds to
the drying of fuels. High RH value absorbs moisture from the atmosphere [116]. The actual vapor pressure divided
by saturated vapor pressure gives the value of RH [119]. Air pressure and specific humidity affect vapor pressure
and temperature of air affects saturation vapor pressure [116]. The RH data is an important information for
understanding surface atmospheric and environmental issues [119]. The relative humidity raised nearby earth's
surface and decreased at the top and middle of troposphere [51]. Always relative humidity of air varies with
temperature. Air heating decreases the level of relative humidity [113]. Not only relative humidity but also
cloudiness reduced at the upper and middle levels of troposphere [51]. Air temperature as well as humidity are
the important variables in satellite meteorology [117]. Humidity arises because hot water produces steam which
means water at lower temperatures such as ice also produces water vapor [119]. Specific humidity is a crucial factor
during the estimation of evaporation from ocean surface. Accurate estimation of specific humidity is required
[118].

12. Effect of temperature, pressure and relative humidity variations with cloud cover

Usually cloud cover can be obtained by integrating the saturated part of the temperature, humidity and pressure
[55]. Cloud cover will be positively correlated with relative humidity and negatively correlated with temperature
lapse rate [53]. Prediction of meteorological parameters has been one of the complex domains [78]. An analysis is
performed on the aircraft thermodynamics measurements obtained from liquid clouds over the American plains
to evaluate importance of humidity and temperature for cloud cover [55]. Cloud cover determines the climatology
of humidity& temperature and in the warm season. Changes in frozen precipitation have more effect on winter
temperature in comparison to changes in cloud cover. Reduced cloud cover is not surprisingly coupled to lower
relative humidity. The mean cloud cover increases with mean precipitation. Air temperature decreases with
increasing cloud cover. Air humidity level is measured using dew point temperature and relative humidity dew
point temperature is defined as the temperature in which air becomes liquid water due to high concentration of
water molecules.

13. Prediction of Temperature, Pressure and Relative Humidity using ML Algorithms

Machine learning is about creating computer algorithms and techniques to improve automatically through
experience [63]. Inherently machine learning is a multi objective task. Any machine learning algorithm consists
of training and classifying [63]. By comparing different algorithms over machine learning world is for conducting
data analytics competitions [62]. Autonomous operation and intelligent decision making have been achieved
through different machine learning algorithms for solving complex problems [65]. There are three types of
Machine learning algorithms. First type is supervised learning in which the model approximates mapping and
functioning between the input & output of the given data, commonly called classification. The second type is
unsupervised learning [63] technique which is about data clustering. A data set in each subset share common
similarity defined by a distance measure [63]. Reinforcement learning is the third type that involves finding a
strategy for an agent to take actions that escalate aggregated rewards in a given environment [63]. All machine
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learning algorithms performs parameter estimation and model selection based on one or multiple criteria [63]. In
recent years, many approaches have been mentioned for classification tasks like decision trees, support vector
machines, etc. Mostly Supervised learning is belongs to prediction related tasks. While unsupervised learning is
internal setting to provide clusters [66]. Performance measures are always required otherwise accuracy of
classification leads to a biased result [67]. In this research work we used three algorithms. Those are (i) Linear
Regression (ii) Decision Tree (iii) Multiple regressions, which are discussed in the next section.

13.1 Linear Regression

Establishing a relation between dependent variable (output) and independent variables (inputs) is known as
regression [70]. Linear Regression analysis is used to build possible relationships portraying the varying nature of
a dataset. Linear regression equations are written using least squares estimation, instrumental variables regression,
maximum likelihood estimation, adoptive estimation etc [70]. It is simple and one of the commonly used
predictive models for analysis [72]. Best fit among points is found with the help of plots. Linear regression defines
the relation between one dependent variable and either one or multi independent parameters [74].
13.2.Decision Tree

A decision tree uses decision support tool often used because it is simple to understand and interpret [79]. Data
mining uses decision trees for data examination and to invoke the tree and its rules that will be used to make
predictions [79]. Commonly used in data mining, aim is given many input parameters, target value has to be
predicted using a model [81]. Decision tree follows divide & conquer approach [82] to split the problem into
number of subsets [87]. In decision analysis, decisions and decision making are represented using a decision
tree both visually and explicitly [83]. Solving classification problems using decision trees is very useful, particularly
in many real world applications [84]. The construction of decision trees contains two common things. One is the
growth of tree leads to increasing the accurate categorization of training data sets. Another one is in the pruning
stage we eliminate anomalies in the training data to increase accuracy of classification [87].

13.3 Multiple Regression

Multiple regression is a powerful tool used to predict and forecast [70]. Sometimes it is difficult to explain a
dependent variable with one variable. In such a situation, multiple regressions is used to predict a dependent
parameter using multiple independent parameters. Major two types of multiple regression are linear and
nonlinear. Multiple regressions assume a linear relationship between both dependent & independent parameters.
Sometimes it also assumes no correlation among the independent variables. Multiple linear regressions can model
more complex relationship which comes from various features together. When a particular variable is not
noticeable enough to map the relationship between the independent and the dependent variable, multiple
regression is used [92]. The reasons as to why multiple regression is used are prediction of future economic trends,
determination of relationship between variables and finally effect of changes in one variable over another.

14. Cloud liquid water content:

Clouds contain few ice particles and more water droplets. Ice clouds are unable to create attenuation at
microwaves in the range of 50GHz. There are couple of factors that should affect absorption from water liquid
clouds i.e clouds liquid water content, temperature & path length. There are several shapes and sizes for water
clouds. The density value is 1.0 when the temperature ranges of cloud water droplets is -20°C to +10°C. A decrease
of temperature leads to increase in specific attenuation [28]. All cloud models are supposed to be homogeneous
in terms of distributions of the liquid content [28]. When liquid water density profile is integrated, total liquid
water content is obtained [37].

According to staelin, absorption can be directly related to cloud liquid and integrated water vapor [18].
Tremendous seasonal fluctuations of liquid water content in India can be obtained during June to November
[37]. By using profiles of liquid water densities one can estimate the cloud attenuation over an earth-space path
[37]. Small change in cloud properties result in big variations in the microwave properties of the clouds. The total
liquid water quantity is mass of rain/drizzle plus the mass of non-precipitating cloud droplets [39]. Microwaves
are subject to vigorous damaging effects by different impairments especially by rain that plays a dominant role at
any frequency in the 10-100GHz range. However clouds because of high occurrence probability should be
considered [40].

15. Related works on Cloud Attenuation

Estimation of propagation impairments effect on RF signal propagation due to clouds play a crucial role in radio
propagations. Understanding the effect of atmosphere on microwave propagation, particularly in Ka-band and
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above is essential as satellite services are growingly offered at higher frequencies. The simulation of microwave
parameters can be obtained by physical modeling [38].

Military & Commercial applications are already being planned for these frequencies that are often referred to as
EHF or V-band [24]. But with the raise of frequency, both tropospheric and ionospheric impairments effecting
satellite link signals are increasing. Introduction of satellite services that employ highest frequencies requires
meteorological propagation factors characterization, but those are uncertain at low frequency bandwidths. One
such factor is cloud. Communication systems reliability under non-rainy conditions is determined with a
combination of cloud attenuation and gaseous absorption. The point where the melting layer and rain merging
with cloud attenuation is called upper end of cloud distribution. It is not a well-defined boundary and is governed
by geographic location latitude and the angle of elevation [28].

The Famous Pioneer Gunn& East model is beneficial at wavelengths greater than Imm. The drawback of Gunn
and East model is, it is incapable to describe the water vapor density [120]. By using the techniques of microwave
spectroscopy, based on the theoretical and practical spectrums in 1962, staelin computed the water vapor density
equation for standard atmosphere which is useful for cloud attenuation estimations [121]. Slobin carried out his
primary study on microwave noise temperature and types of clouds. Slobin developed an equation for liquid water
content which is the key parameter in his cloud attenuation equation [122]. K.C.Allen presented a model for the
attenuation of millimeter waves by precipitating liquid water clouds [123]. So as to understand if contribution of
attenuation by clouds in attenuation distribution is small or not.

Altshuler developed expression for distance of a curved earth with low elevation angles [124]. Altshuler also
developed an equation for cloud attenuation with distance expression. His model is supposed to be useful for the
window sections between 15GHz and 100GHz. But his model is not planned for usage in the water& oxygen
absorption bands [124]. By using the concepts of Double-debye relaxation model of complex permittivity, Liebe
developed [125] a model for cloud attenuation. Dintelmann developed [126] a semi empirical model for
prediction of cloud attenuation. The purpose of semi empirical model is for estimating annual cumulative cloud
attenuation statistics. A new and versatile method for cloud attenuation was proposed by Salonen and Uppala
[127]. Salonen and Uppala together designed a method for calculating liquid water content of clouds. Salonen
and Uppala's method can be applicable for climates of mid latitude with an elevation angles from 15 to 40 degrees
[127]. DAH model [128] was prepared based on the average properties of four kinds of clouds which consist of
huge liquid water content. The ITU-Radio communication assembly considering that attenuation due to clouds
is an essential factor for microwave systems operating above 10GHz frequency [129].

ITU-R.P.840-5 recommendation provides method to predict the cloud attenuation [129]. ITU-R also recommends
a procedure to calculate attenuation by oxygen& water vapor [130]. Attenuation due to water vapor and oxygen
can majorly deteriorate radio wave propagation at millimeter wavelengths. Finally in this modern world, especially
in this information era and technological age, we require an understanding of clouds, cloud attenuation to build
and design earth-space communication links, weapons, radar systems, air planes and other systems in which clouds
will encounter [131].

16. Experimental setup and for cloud attenuation measurements:

Master Control Facility-ISRO, Hassan is an important station for conducting in-orbit testing of GEOSAT space
craft's built by ISRO. Master Control Facility-Hassan is an important station for the Ka-band propagation
experiment. This site diversity experiment is being conducted in association with CNES and ONERA of France.
The center for space studies (CNES) along with a research lab (ONERA) both situated in Europe had settled on
a plan of action to perform an experiment related to a site multiplicity for identifying the space and time
performance of the propagating channel in Ka-band width.

Long back an opportunity was proposed by the Space Application Center (SAC) of the Indian Space Research
Organization (ISRO) to carry out a propagation experiment at Ka-band over India. For this purpose the GSAT-4
satellite boarding two propagation beacons at 20.2GHz and 30.5GH?z in linear polarization. The major objectives
of conducting Ka band propagation experiment are: Study of attenuation characteristics (Rain, Cloud, Gas), study
of tropospheric scintillation, Polarization effects, Fade dynamics at Ka-band. The selected sites of ISRO were
configured with the following equipment: Ka band beacon receivers, Radiometers, Disdrometers, Microwave Rain
Radar, The tipping bucket rain gauge, Automatic Weather Station(AWS) and the data loggers.

In general, propagation measurements can be associated with meteorological centers data acquired by various
instruments associated with satellites. In Ka-band propagation experiment uplink frequencies are of around
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30GHz. For the downlink, number of allocations for the fixed satellite and broadcasting services are present in
the 17.4-22 GHz band.

Automatic weather stations are extremely useful for meteorological sensing even in harsh environments. Below
45GHz microwave emission is insensitive to temperature structure and depends strongly on water. So
measurements at the lower frequencies may be used to correct the effects of clouds [19]. Measurement of cloud
attenuation is possible through radiometers which are the most responsible instruments. The measurement
systems includes radiometers at the similar frequencies used to help in removing uncertainty of the measurement
which is associated with derived path attenuation [28].

17.CONCLUSION

This literature survey has conducted the most recent and well known comprehensive study of the clouds, cloud
attenuation models and impact of cloud attenuation on earth-space path links. This survey mentioned the affect
of propagation impairments on satellite communications, types of propagation impairments, why cloud
attenuation is serious propagation impairment, affect of cloud attenuation on satellite communication link and
channel availability, importance of cloud attenuation modeling, need for weather forecasting, affect of cloud
cover, measurement of cloud attenuation, available experimental studies and test set up for cloud attenuation
measurements. It shows that cloud attenuation is the dominant affect at 30GHz frequency while water vapor
attenuation is the relevant mechanism at 20GHz. The existing cloud attenuation models have been classified as
statistical, empirical models based on the model development and formulation basis. According to this
survey no sole prediction model can be regarded as comprehensive model to satisfy all specifications for diverse
infrastructure setup related parameters, geographic locations or even climatic variations over time. Hence this
survey clarifies the necessary of developing a new model.
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