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Abstract:

Introduction: Established observation showed that larger bandwidth
at lower cost is consistently in demand. The demand increases by
magnitude of transmission frequency for satellite signal. This is
phenomenally accompanied by proportional hydrometeors attenuation.
Hence, there is need to evaluate cloud attenuation impact in every
climatic region periodically.

Aim: This report is one of the outcomes of experimental communication
research carried out at Ota (6.7°N, 3.23°E) tropical station, southwest,
Nigeria.

Materials and Methods: The station spectrum analyser measures its
received beacons’ total attenuation at 12.245 GHz and elevation angle
59.9° to Astra satellites located at 28.2°E. Daily maximum, minimum and
mean temperatures; rain amount, wind speed and direction as well as
time of occurrence of each of these weather parameters were also
measured. Then the radiometric data including acquired radiosonde data
were analysed under rainy and non-rainy conditions to obtain cloud
attenuation contribution from the total attenuation measured per minute.
Results: The outputs were used to compute the station cumulative
distributions for the existing cloud models and for the measured and
integrated station’s data. Statistical analysis comparing the two
cumulative distributions showed a high difference between the measured
data and existing models’ predicted values.

Conclusion: A cloud attenuation computation algorithm and its
simulation program were developed and used to derive a new tropical
cloud attenuation model. The results of climatic data and analyses were
used to justify the well corroborated new cloud attenuation model.
Keywords: Hydrometeors, Cloud attenuation, Cloud models, Tropical
Climate.
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1. INTRODUCTION

In the course of satellite signal’'s propagation
through the atmosphere, it experiences random
fluctuations in its wave properties majorly due to
attenuation, causing its channel characteristics to
change randomly with time. The changes in the
channel characteristics results in poor quality of
satellite signal reception or totally lost strength in
received signal. Clouds are formed by condensation of
water vapour on hygroscopic aerosols, which results in
formation of cloud condensation nuclei (CCN) when
atmosphere is unstable and appropriate lifting
mechanism exist. Convection, convergence, frontal
and orographic lifts are common lifting mechanisms.
Clouds have absorptive, scattering and polarizing
effects on electromagnetic signals passing through
them [1]. The absorption effect is referred to as cloud
attenuation of propagating signal energy by clouds
constituent small water droplets. Also, clouds
formation is humidity dependent, hence it is time and
geographic or location dependent and the tropical
lower atmosphere is more often cloudier than in
temperate regions [2].

Thus, geomorphological characteristics of each
area largely determine the amount of water vapour
available there to interact with the hygroscopic
aerosols in forming cloud condensation nuclei or cloud
droplets. This imply standard satellite services
performance may be more difficult to achieve ordinarily
in the tropical regions which include more than half of
Africa, South America and Australia; about a quarter of
North America and half of Asia. Though efforts at
solving hydrometeor attenuation effects have yielded
reliable and efficient communication media in
developed nations; however, lack of necessary local
data and needed accurate models have sustained the
effects in other nation including most African nations.

The satellite transmission system has the
advantage of extremely wide coverage, well above
average quality of service, very wide and flexible
bandwidth capacity, mobility and low error rate among
others [3]. Hence satellite services have graduated into
essential category of telecommunication services. A
primary signal propagation factor which determines the
degree of signal degradation by cloud attenuation is its
elevation angle. However, cloud liquid water amount
has been established to be proportional to the cloud’s
attenuation effect on electromagnetic signal that
passes through it, such as satellite transmitted signals
[4, 5]. The elevation angle determines the length of
propagation path and generally the longer the
propagation path, the higher the degree of signal
degradation [6, 7]. Attenuation or absorption processes
at high frequencies is an effect produced by rotational
and vibrational transitions in polarized molecules when
the electromagnetic signal is incident on the
molecules. It has been established that the higher the
signal frequency, the more the signal is susceptible to
signal fade in the troposphere, though it is less
detrimental beyond the troposphere in the upper

atmosphere. The processes have quantum nature as
the molecular motions occur at specific frequencies [8].

Propagation models have been shown to be
necessary to scientifically predict climatic statistics [9,
10]. Attenuation due to clouds can be determined with
a great accuracy, using the Rayleigh model which
requires assessment of the cloud vertical profile
obtained through radiosonde measurements. In this
approach, the attenuation estimation depends mainly
on the accuracy of the radiosonde measurement [4,
11]. The Rayleigh approach restricts cloud model to
non-precipitating clouds for frequency less than 100
GHz, and has been declared accurate for cloud
attenuation determination [12, 13, 14].

The design of this study considered measurements
and data logging of the station weather parameters,
cloud cover (surface and satellite), total hydrometeor
attenuation of the earth — space path for the station
and its vertical profile.

2. METHODOLOGY
21 The Tropical Station Cloud Cover
The research station is tropical Ota (6.7°N, 3.23°E),

southwest, Nigeria, whose climatic region mean
annual temperature ranges between 26° C and 27° C;
and annual rainfall ranges between 2000 mm to 3000

m [15]. Also, it is common for two or more cloud
types to occur simultaneously over the same location
but at different heights in the atmosphere, referred to
as colocation, this creates need for comparative study
of cloud observations from the surface with those from
satellite [16]. Hence, cloud parameters measurement
method used has two complementary segments
namely, satellites clouds observations on one hand
and ground visual measurement of clouds at the
earth’s surface station on the other. Each of these two
complementary segments were carried out in this
research experiment as designed and are described
under the following two subsections. In addition,
Weather Link device had been set to measure and log
daily maximum, minimum and mean temperatures;
rain amount, wind speed and direction as well as time
of occurrence of each of these weather parameters,
providing the weather state or description during all the
measurements in the station.

2.1.1 Cloud Cover Surface Measurements and
Data Analysis
In the surface (visual) measurement of the cloud
parameters at the station, the sky dome is divided into
four quadrants, with respect to the four cardinal
directions, for the purpose of determination of the
station daily total cloud amounts, cloud types
observed; and their respective frequency of
occurrence. The station visual observatory being
higher than most nearby objects as trees and
buildings, offers a clear view of the sky and the clouds.
Each assessment view is recorded by a digital camera
as a short video, to enable determination of the listed
cloud parameters present in the observed cloud layers
between their base and maximum vertical distance
visible for each of the four sky quadrants, one after the
other. The visual cloud cover data are collected twice
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daily at fixed times and typical monthly record of the
visual data measurement were published [17].

Thus, each daily average cloud amount value is a
percentage (%) of the station sky-dome covered by all
the cloud types present in the day and the total
monthly cloud amount is the average of the station’s
sky dome covered by all the cloud types present in
each day of the month. The average monthly total is
computed through the twelve months of each year.
Simultaneously, each of the cloud types present were
recorded per assessment view daily. Table | shows
typical monthly cloud types occurrence data sheet
used for monthly calculation of frequency of
occurrence of each of the cloud types observed, where
the ten cloud types are listed as: cumulus (Cu), stratus
(St), stratocumulus (Sc), cumulonimbus (Cb),
nimbostratus (Ns), altocumulus (Ac), altostratus (As),
cirrocumulus (Cc), cirrostratus (Cs) and cirrus (Ci). In
the Table I, the digit 0 represent “absence of a cloud
type during an observation” and 1 represent “presence
of a cloud type during an observation”. The digital
digits monthly sum recorded per cloud type per day,
for each month were used to compute the frequency of
occurrence of each of the cloud types. The monthly
cloud amounts, cloud types and their frequencies of
occurrence data for 2015 - 2017 were then analysed.
The clouds data analyses outcomes are presented
under the results and discussion section.

Table I: Typical monthly cloud types occurrence data sheet

Frequency of Occurrence
DATE Cy ot c Cb N Ac As Cc C Lo
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2.1.2 Satellite Cloud Cover Data and Analysis

The satellite data segment of the station cloud cover
determination involves acquisition of satellites
observed clouds data over the station. This include the
Surface Radiation Budget (SRB) satellite estimated
monthly cloud amount (%) for the station between
1998 and 2007; the International Satellite Cloud
Climatology Project (ISCCP) satellite estimated
monthly mean cloud amount (%) for the station
between 1994 and 2008; the Clouds and the Earth’s
Radiant Energy System (CERES) satellite estimated
monthly cloud amount (%), between 2000 and 2014;
also CERES_Terra-Aqua-MODIS satellites provided
jointly observed station estimated clouds effective
heights above the earth surface between 2000 and
2015; the Cloud Aerosol Lidar and Infrared Pathfinder
Satellite Observations (CALIPSO) satellite provided
estimated monthly clouds amount at high, middle and

low clouds categories between 2006 and 2012;
CloudSat provided the station estimated monthly
clouds amount data between 2006 and 2010 [17].

2.2 Radiometric Measurement and Data Analysis
The station radiometric measurements equipment
being used are 9103 spectrum analyser for total
hydrometeor attenuation and the Davis weather link
climatological device. The spectrum analyser
measures every minute the total attenuation on the
earth — space path through propagating beacons at
12.245 GHz and elevation angle 59.90 to Astra
satellites. Thus, the spectrum analyser measures the
total attenuation impact on the beacons propagating to
and fro through the earth — space path between the
analyser's antenna (outdoor unit) and the Astra
satellites. The Davis weather link measures weather
parameters such as amount of rainfall, temperature,
pressure and humidity, as well as the date and time of
their occurrence. The two radiometric devices were
connected to a PC for data logging and measurements
administration of the station experimental setup. Each
of the two devices has a pair of connected outdoor
antenna unit and indoor radio unit. Also, the station
climatic region radiosonde data of observations for
1953 — 2011 were acquired.

The clouds attenuation contribution data were
computed from the measured and logged total
attenuation data. The total attenuation (A7) includes
cloud attenuation (Ac), gas attenuation (Ag) and rain
attenuation (Ar). It has been established that for
transmission frequencies below 45 GHz when
scintillation fading and gas attenuation (As) may not be
very important, Equation (1) is accurate enough for the
probable values of Ac, Ag, and Ar to give the total
attenuation (Ar) probable value [18, 19, 20].

Ar (P) = V(4 (P))* + (Ac (P))* +(4z (P)7
= V(A (P)*+(4z (P))?) (1)

For the purpose of analysis of the total hydrometeor
attenuation data, the tropical station earth —space path
has been studied under two conditions - the rainy and
non-rainy conditions. The non-rainy condition includes
the clear sky and cloudy conditions. The approximation
in Equation 1 holds under non-rainy condition,
when(A; (P))* = 0. The climatological device's daily
measured and logged data for weather parameters
were used in the categorization of the spectrum
analyser data into the two study conditions. The
persistence of cloud attenuation in all weather
conditions necessitate using the rainy and non-rainy
weather conditions to evaluate its varying magnitude.
The outcomes for the two analysis conditions are
presented under results and discussion.

2.3 Development of a Cloud Attenuation Algorithm
The cloud attenuation system equation or algorithm is
derived from the consistent geometrical pattern of the
station cloud attenuation cumulative distribution for
annual spectrum analyser data (SPAD) and the
integrated data (ISPAD) shown in Figure 1. The
geometry of the integrated cumulative distribution
curve describes a resultant constructive interference of
some pairs of periodic functions of comparable
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amplitudes. Attenuation decreases the amplitude of
propagating signal, hence a trigonometric function,
specifically cosine function is considered here for its
peculiar decreamental nature.
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Figure 1: Station annual and ISPAD cloud
attenuation cumulative distributions.

The scientific consideration for the possible variables
of the system equation focused on the primary cloud
parameters namely, the cloud liquid water (WL) and
cloud attenuation coefficient (K.). The two variables
vary from one cloud type and layer to another along
the propagation path of electromagnetic signals in
earth — space path. Analyses result of these
observations is mathematically represented by the
following general equation [2]:

Ac (WLi(t,h),KL(B,t,f)) = g(x) = acos(x) + bsin(x)
= Acos(x — a) (2)

where A = (a2 + b2 and a = tan'l(b/a) in the range 0
< a < m/2. The independent variables of the cloud
attenuation (Ac) are cloud liquid water content (W) of
each cloud layer having specific attenuation coefficient
(KL) at corresponding temperature (t) and height (h),
when propagating radio waves through the cloud layer
have angle of elevation (6) and frequency (f).

The cloud specific attenuation coefficient (K.) definition
is based on the Salonen — Uppala model procedure,
adopted by the ITU-R [21]. The KL definition is based
on a mathematical model, using Rayleigh scattering
and a double — Debye model for dielectric permitivity €
(f) of water, it is thus defined as:

T (dB/km)/ (g/m) @
The cloud liquid water (WL) also, is given by the
Salonen model (Salonen et al., 1990):

The cloud liquid water (WL) also, is given by the
Salonen model (Salonen et al., 1990):

— —hy £
wit,h) = 3 wy,. exp (ct) [hhr ] (F) (4)
Where h, = 1500m, ¢ = 0.04(°C™"), w, = 0.17(gm™%)
and such that the liquid and solid water density, w; and

w; are given by equation (5):

K, =

wi (t, h) = w (1, h) Pw (1),
w; (5, h) =w (t, h) [1 - Pw ()]

1 o<t
and Pw (t) = 1+t  -20<t<0°C
20
0 t<-20°C

(%)

The resulting algorithm from this analysis is presented
under results and discussion.

3. RESULTS AND DISCUSSION
3.1 CLOUD TYPES FREQUENCY OF
OCCURRENCE

The ten cloud types were not seen together during
any of the observation periods throughout 2015 -
2017. While stratus (St) and stratocumulus (Sc) as well
as the altostratus (As) and altocumulus (Ac) were most
often than not seen together, cumulus (Cu) occurs with
any other cloud types such as stratus (St),
stratocumulus (Sc) and nimbostratus (Ns). Stratus (St),
stratocumulus (Sc) and nimbostratus (Ns) are sighted
alone quite frequently showing their respective high
spreading characteristics above 80% in such scenario.
The high clouds such as cirrus (Ci), cirrostratus (Cs)
and cirrocumulus (Cc) appear much less frequently
while cumulonimbus (Cb) rarely occur. Figures 2 and 3
shows the results of the analysis of the cloud type’s
frequency of occurrence. Data collected from the first
to fourth quarter annually in the period show the
station characteristics variations of each cloud type’s
frequency of occurrence in the early dry season
relative to late dry season, i.e. first quarter (December
to February) relative to late dry season which is
second quarter (March to May); similarly early wet
season relative to the late wet season i.e. third quarter
(June to August) relative to the late wet season which
is fourth quarter (September to November).
The two overview graphs (Figures 2 and 3) shows that
all the cloud types, except cumulus (Cu) and stratus
(St), have higher frequency of occurrence in the wet
season (June to November) than in the dry season
(December to May). On the average, stratocumulus
(Sc) has the highest occurrence at about 23% of the
time in the wet season periods and 22% of the time in
the dry season periods. This is followed by stratus (St)
which is about 17% of the time in the wet season
periods and 28% of time in the dry season periods.

Wet Season (%) ¥ Dry Season (%)

=
=
=

— b b
= = =
= = =
= = S
S S R—

Frequency of

occurrence (%)
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Cloud Type
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Figure 2: Cloud types frequency of occurrence (%)
(2015 - 2016).
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Figure 3: Cloud types frequency of occurrence (%)
(2016 - 2017).

Observation further shows that nimbostratus (Ns)
occurred about 21% of the time in wet season periods
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and about 14% in the dry season periods; while
cumulonimbus (Cb) occurrence varies between 0%
and about 1.7% of the time in the wet season and
about 0% of the time in the dry season periods.
Analysis further shows, that the middle clouds
altocumulus (Ac) and altostratus (As) often occurred
together consistently at about 14% of the time in wet
season and 13.5% of the dry season periods. The high
clouds (Ci, Cs, and Cc) are largely screened by the
low and middle clouds; thus, they are observed at
between 0% and 0.8% of wet season periods, and
between 0% and about 0.4% of the dry season
periods.

3.2 Cloud Amount Distribution

Summarily, analysis of the cloud amounts data
indicate that the station cloud amounts exhibit a fairly
constant trend in the monthly, quarterly and seasonal
averages. Figures 4 and 5 shows that the daily
average of the cloud amounts in the wet season varies
between 82.3% to 92.7%, while the daily average
variation in the dry season ranges between 70.4% to
89.1%; but the daily cloud amount variation through
each month is a random distribution.

The monthly averages of the cloud amounts vary from
77.2% in the first month (December) of the dry season
to 87.6% at the last month (May) of the season —
showing a fairly steady increase between the two
ends. The monthly average of the cloud amounts also
vary from 89.2% in June - the first month of the wet
season to 90.4% in September towards end of the
season. The average daily and seasonal cloud amount
variations analysis results presented by overview
graphs in Figures 4 and 5 shows that the daily cloud
amount variation is consistently low in the first and
fourth week of every month both in the dry season
months and wet season months. This implies high
average cloud amount at either ends, while the
amplitude of its variation is consistently higher in the
second and third week of every month, also both in the
dry season months and wet season months. This
suggests that relatively heavier rainfall events will most
likely occur in the second and third week of every
month regardless of the season. This hypothesis
seems to explain the relative heights of the station’s
cloud layers [17]. The range of cloud base heights in
the troposphere is lower in the first and last quarter of
average year; and higher in the second and third of the
average year. This is may be due to higher aerosol —
water vapour condensation interaction in the station
tropospheric region, where clouds condensation nuclei
(CCN) are formed.

100.00

v
= =
= =
=3 =

123435678 910111213141516171819202122232425262728 203031
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Figure 4: 2015 - 2016 Average daily and seasonal
cloud amount.

12343678 910111213141516171819202122252425262728293031
DAYS OF EACH MONTH

AMOUNT (%)

DAILY CLOUD

AVGDAILY DRY SEASON AVERAGE WETSEASON AVERAGE

Figure 5: 2016 -2017 Average daily and seasonal
cloud amount.

The satellites data were processed and analysed on
satellite-by-satellite basis considering one cloud
parameter at a time. All the satellites observed and
presented clouds amount in percentages of their
atmospheric spatial coverages, few estimated clouds
liquid water content and only one estimated effective
cloud heights of the clouds. Hence, the satellites’ cloud
data were used to corroborate the stations cloud
amount data. Table Il shows a comparative summary
of the satellites monthly cloud amount which indicates
that the satellites overall average cloud amount for the
station is 63%, and ranges from 58.3% of the SRB
satellite to 80.4% of the CALIPSO satellite. The table
also enabled computation of the correlation between
the satellite data and ground (visual) data; it is a
positive correlation and its value is 0.7885, i.e., 0.8
approximately.

3.3.1 Rainy and Non- Rainy Conditions
Radiometric Data Analysis Results

Considering equation (1) and the results of analysis of
the daily visual and satellite cloud amounts estimation
for this tropical station, the stations’ monthly cloud
occurrence probability (MPc) and daily cloud
occurrence probability (°Pc) were evaluated using a
computation program for probability of cloud
occurrence, embedded in the spreadsheets such as
shown in Table Ill. Using the weather device logged
data, rainy and non-rainy days of each year were
identified. The different daily cloud occurrence
probability (PPc) was used to compute the rainy
condition (R) cloud attenuation contribution and the
non-rainy condition (nR) cloud attenuation contribution
from the measured and logged total attenuation data.
Then all the processed cloud attenuation contributions
data over 2014 - 2017 were integrated and referred to
as integrated spectrum analyser data (ISPAD).
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Table II: Satellites and visual monthly clouds
amounts statistical summary
Satellites Monthly Average Cloud Amount Satelites  Visual Data

CloudSat SRB ISCCP_ CERES CALIPSO C_T-A-M_ Mean Mean
JAN 151606  33.4121 43.6128 49.0370 63.5667 44.6714 41.5768 79.06
FEB 20.2771  42.2097 51.2332 62.7260 76.2187 55.7857 51.4084 79.04
MAR 43.6459  57.9273 68.8875 74.3223 82.6795 65.2335 65.4493 82.07
APR 44.8604 657674 74.0642 78.5329 89.8978 68.6588 70.2969 82.13
MAY 49.3148  66.7391 71.2498 76.3202 92.9146 69.3566 70.9825 87.61
JUN 59.0425 70.6840 75.6415 77.7327 87.0072 72.5455 73.7756 89.19
JuL 55.6049  74.8319 82.1054 79.0880 86.8986 75.1494 75.6130 89.99
AUG 61.8760 74.2531 82.7596 75.2827 86.8338 71.1376 75.3571 89.86
SEP 65.8786  75.0585 82.5380 78.1871 88.2813 73.3606 77.2173  90.35
OCT 443849  64.1697 71.9371 73.7686 855979 64.6955 67.4256  89.60
NOV 30.2021  42.9618 50.2785 53.3699 67.8503 46.8935 48.5927  87.49
DEC 152401  32.0395 38.6185 41.4417 56.7292 36.3396 36.7348  77.18
ANNUAL AVG, 421240 58.3378 66.0772 68.3174 80.3730 61.9857 62.8692  85.30
S.D. (o) 17.2197  15.6172 15.1630 12.6934 11.1320 12.3774 13.7330 4.80
Variance 296.5168 243.8963 229.9165 161.1237 123.9222 153.2010 188.5943  23.05
Correlation 0.8558 0.8236 0.7965 0.6834 0.6784  0.7308  0.7882
Table lll: Typical daily probability of cloud

occurrence computation program sheet
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3.3.2 Analysis of the Cloud Attenuation
Cumulative Distributions
The required parameters for evaluation of the
attenuation distribution for each of the existing cloud
models vary [17]. Most of the cloud models require the
signal path length (Lsp) through the cloud layers series
(CLS) because the computation of the cloud
attenuation is through their respective attenuation
coefficient algorithm in dB per kilometer. The extracted
radiosonde observations data were used for
computation of the predicted cloud attenuation
distributions for the station by each of the primary
cloud models. Then, the station cloud attenuation
cumulative distribution for the 2014 -2017 ISPAD is
plotted in the same axes with those of the existing
cloud models cumulative distribution curves for
comparison as shown in Figure 6. The comparison
shows the closest of the existing models to the station
ISPAD cloud attenuation cumulative distributions is the
ITU-R model, next in closeness is the Liebe model,
followed by Slobin model and the Gun and East model.
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— -2017
Percentage of Time The Ordinate isExceeded at 12.245GHz 20142017 ISEAD

15400 T——ITEBE MODEL |
g Di_gg SALONENMODEL |
35E+
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Figure 6: ISPAD and cloud attenuation models
cumulative distribution curves.

The comparison shows a wide gap between the 3.40
dB maximum cloud attenuation of the ISPAD
cumulative distribution at 0.01% exceedances of
station measured data to the 0.7913 dB maximum
cloud attenuation predicted by its closest ITU-R model.
This empirical result prescribes development of a new
model for the tropical region. The result is validated by
its agreement with previous results. Reference [4]
particularly, reported 2.9 dB maximum cloud
attenuation for the 0.01% of time from their cumulative
distribution, attributed majorly to 9.5% presence of
nimbostratus using data from a similar experimental
setup at tropical Penang, when its cloud cover is only
62.4%. Yet another published result state that at time
exceedance of 0.01% from their cumulative distribution
function, cloud attenuation in the Ka-band can reach
up to 4 dB in the tropical region [22].

3.4 The Proposed Cloud Attenuation Model
Cloud attenuation models are experimentally based
mathematical algorithm, scientifically designed to
predict cloud attenuation impact on propagating
electromagnetic signals in earth — space paths from
defined location and elevation angle to defined
receiver(s) through satellite(s) in uplink or downlink
transmission. Having establish that development of a
cloud model for the climatic region is necessary, the
result of cloud attenuation algorithm development
analysis (Equations 2 — 5) is hereby presented as
Equation 6.

Ac=AoWLCOS ((0.5K) +B) O<KisT (6)

where Ac is the cloud attenuation (dB) in a cloud layer,
Ao is the amplitude and B is phase constant of the
propagating signal through cloud layer, whose liquid
water content is WL and K. is its specific attenuation
coefficient as defined by the ITU-R. The W, for station
cloud layers were computed from the observation
station climatic region radiosonde data. Thus, Equation
(6) represents a general cloud attenuation algorithm
that can be used to generate a cloud attenuation
model for any station’s climatic region, provided its two
radiometric data are obtainable, i.e., the integrated
spectrum analyser data (ISPAD) and the radiosonde
data.

To determine the specific equation representing the
station cloud attenuation model from the presented
cloud attenuation algorithm (Equation 6), a program is
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written to run simulation of the algorithm over possible
range of the variable constants Ao and B values. The
simulations at various values of Ao and B were carried
out using W(t, h) and K.( 6, t, f) data sets generated
from the station climatic region’s radiosonde data
(1953 — 2011). Each simulation corresponds to a pair
of possible Ao and B values and generate a set of the
station cloud attenuation distribution. Each of the
simulation generated station cloud attenuation
distribution was statistically analysed using the
electronic spreadsheet data analysis tool and
cumulative probability distribution function. The output
cumulative distribution curve for each generated
dataset is compared with the measured climatic region
2014 — 2017 ISPAD cloud attenuation cumulative
distribution by placing both of them in the same axes.
This is repeated for many sets of (Ao, B) values until a
satisfactory matching simulation produce the closest
match to the ISPAD cloud attenuation cumulative
distribution. The tabulated close simulation cycles
parameters indicate that at 12.245 GHz, station data
simulation 10.9 produced the closest match to the
station integrated cloud attenuation cumulative
distribution at 11.5 ym and 1.560796 for Ao and B
respectively [17]. Hence, for defined 6 range, the
station climatic region cloud attenuation model is
presented as Equation 7:

Ac = 11.5 W, COS ((0.5Ky) + 1.560796) @)

Thus, the proposed cloud model was developed
analytically and tested statistically through ITU-R
procedure, using the extensive radiosonde data and
the simulation program to validate the model as shown
in Figure 7, with respect to the station ISPAD.
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Figure 7: The proposed model and existing cloud
models cumulative distributions

Figure 7 shows the new model almost coincide with
the station ISPAD in correlation. Though the new
model also has similar geometric curve pattern with
the existing cloud models in the Ku band frequency
considered; however, it revealed the uplink and
downlink predictions for cloud attenuation by the
primary models largely under estimate the margin for
this tropical region.

4. CONCLUSION

The tropical station cloud data revealed that the low
cloud types are major contributor to the overall cloud
attenuation effects as previously observed in other
tropical stations. The common low cloud types over the

station climatic region are stratus, stratocumulus and
cumulus; while nimbostratus occurs about 20% of the
time, cumulonimbus occurs only occasionally. Hence,
the southwest Nigeria region weather will most often
than not be bright for most part of a year. Thus, the
environment is largely conducive for social activities as
educational, business and entertainment
establishments as well as farming. However, the
consistent presence of cloud and their high degree of
cloud liquid water amounts present high energy margin
needed to successfully communicate satellite
electromagnetic signals through the station earth-
space path.

The general cloud attenuation algorithm presented in
Equation (6) is explicitly quantitative and uniquely
based on cosine function; also, it has been constructed
to accommodate empirical data. The algorithm can be
used to develop the cloud attenuation model for any
station climatic region by using the same method
described, provided the station’s two radiometric data
are obtainable, i.e., the spectrum analyser total
attenuation data and the radiosonde data. The new
model, represented by Equation (7), represents the
cloud attenuation profile for tropical southwest Nigeria
area having same climatic characteristics as Ota
(6.7°N, 3.23°E). The profile recommends 4.0 dB
margin, for 0.01% of time, needed for satellite signals
transmissions to successfully pass-through clouds
attenuation effects in the tropical region. These
revealed the uplink and downlink predictions for cloud
attenuation by the earlier existing models largely under
estimate the margin for this tropical region because
they were not developed specifically for this climatic
region.
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