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ABRSTRACT
Yery many prediction models have been used in recent times to estimale transmission loss arising
lrom  bistatic seattering of temesirial microwave signals into the receiver of Earth-space
communication systems operating at the same frequency, Among the models, the Capsoni
simplitied 3-I EXponential min CELL (EXCELL) model has yielded the most satisfactory results
for interference prediction i all rainfall climate regions. In the model, the horizontal structure of
tain is the same in all regions, hence only the measured cumulative distribution of point rainfall
rates in the region of interest i required. This study is based on this model, 1t uses as it
measured cumulative distribution of rinfall rates from three locations in Africa, lle-lfe (Migeria),
Watrobi  (kenya) and Douala (Cameroon) to  estimate  bistatic intersvstem  interference
(transmission loss) due o hydrometeor scattering of signals [rom a terrestrial microwave system
inter the receiving terminal of a ground Earth-space communication system. Two elevation angles,
23" and 557, which are the prominent satellite ook angles in Migerin are considered. The
tramsnnission loss statistics are computed Tor varving distances from the Terrestrial System (TS)
antenna 10 the Common Velume (CV) formed by the intersection of the antenna beams, varying
antenna gains and varying percentage unavailabitics. Frequencies ranging from 4 to 35 GHz and
two path length configurations short (£ 50km) and long (> 30 km) are considered. Results
obtained show that Lransmission loss increases with increasing TS (o CV distance, implying
decreasing probability of severe interference in the satellite system, The variation of transmission
loss with increasing TS antenna gain shows that transmission loss increases with decreasing time
unavailability {exceedance probability). The study also shows that for a given fade depth,
transmission loss decreases linearly with increasing TS antenna gain, Therelore, for a given fade

depih. the higher the TS antenna gain, the higher is the probability of the ground satellite receiver

X1



picking severe interlerence from the terrestrial microwave network. Further, comparing the results
n kenya and Cameroon with Nigenia, it was observed that variation of transmission loss with TS
to CV distance is lower by i.."r“.-"h in Kenya, while it is higher by 1.4% in Cameroon for 0.01% time
unavailability, Therefore, in Cameroon, the satellite ground receiver system is more likely to
receive higher interference from a microwave transmitting system operating at the same frequency,
Evaluation of the effective transmission loss in these regions also show the possibility of complete
signal outage due to rain attenuation in Cameroon compared to other locations, no matter the
amount ol mterference received Trom the microwave system. This is because of the higher rainfall

imtensity and accumulaled water in Cameroon.,
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CHAPTER ONE
L0 Introduction

The advent of the communication satellites and other technologies like the Very Small
Aperture Terminals (VSATS) for wircless internet browsing. Digital Visual Display (DVD) and
sound broadeast services among others as part of the integrated radio communication and
mformation networks has increased the need for more efficient use of the spectrum.
As a result, techniques such as frequency re-use where a terrestrial radio relay link will use the
same frequency as the earth station link have been employed. Such shared facilities may
experience interference and owe such mode is bistatic hydrometeor interlerence, I is therelore
necessary, (o be able to estimate the effects of propagation and scatlering across a wide range of
frequencies,

The interference that eceurs for several geometries {different antenna bearing) is due o the
omni-directional nature of the precipitation scatter. This is so since the signals intended for the
micrinwvave system may be scattered by hydrometeor to cause interference in another microwave
system operating al the same frequency (Thurai, 1994),

Hydrometeor is the general term referring to the products of condensed water vapor in the
atmosphere usvally observed as rain, hail, ice, fog, cloud or snow. The most important and
widespread of these hydrometeors to radio propagation is rain. An clectromagnelic wave
propagating through a region containing raindrops suffer two attenuating mechanisms; part of its
energy is absorbed by raindrops and transformed 1o heat {absorption), while another part is
scattered in all directions -scattering (Medeiros Filho et al., 1986).

The bistatic hydrometeor interference is due to intersection of a terrestrial beam and an
carth station beam. The interference will result in the decrease of the signal to noise ratio at the

interfered terminal, and, it can lead, in the worst case, to link outage depending on the severity of




the received interference levels. Viewing the extent of such interference on statistical termis is
highly important for the service planners and designers so as to be able (o assess the degree of
coupling between the systems.

Also. the presence of ]]'l'fi.‘ipiEEl[J:ull particles in the volume formed by the intersection of the
transmilting and receiving antenna beams of two independent communication systems operating at
the saine microwave frequency may result in seattering and bistatic interference. This is because
part of the electromagnetic energy propagating along a given direction can be scatlered in the
receiver’s direction and cause harmiul interference. The level of such interference is dependent on
the specilic peometry, the characteristics of the two antenna systems and the structure of rain in the
mecium.

For the prediction of interference, the following parameters are needed to calculate the
transmission loss due to hydrometeor scalter between two microwave stations, These parameters
are; electrical, system, meteorological e.lc. A lot of models backed with experimental validations
e been proposed and tested vsing data from the temperate region. In the tropical regions
meluding wropical Africa, the problem of interference due to rain scattering is just receiving
attention, and that explains much of the problems associated with the use of microwave
communication systems in this region. Notwithstanding the above, quite modest contributions
have been made i Africa, by the work of Ajewole et al., (1999) and the most recently by Ajewole,
(2003).

In tropical climates, convective rainfall activity is far more prevalent where strong vertical air
motions give rise o large scale mixing of frozen liquid and partially melted hydrometeors.
Convective rainfall also results in the super cooled drops or wet hail being present at large height
giving rise lo high values of reflectivity (Thurai, 1994). Many models have been proposed for the

prediction of interference due lo hydrometeors. Among these models, the ones based on the



assumption ol an exponential rain cell model, Capsoni el al., (1987), Capsoni and D°Amico,
(1997) and Awaka, (1989) are quite unigue. This is because they assume that the horizontal
structure of roin is the same in all rainfall zones (Ajewole, 2003). Due to the enormity of
computation required in I.I!iillg. the complele version of the model, Capsoni et al., {1992) proposed
the sumplihied version of the 3-D method of predicting cumulative distribution ol transmission loss
and this 15 utilized in this study, In the exponential rain cell model for predicting interference, the
metrological environment is modeled through a population of synthetic rain cells whose
charactenstics have been deduced from studies on the horizontal structure of precipitation carried
out o rain maps a5 reported in Cost progect (Cost 210), The limitations of the model include;
vielding excessively large rain cell radius when rain intensity is =6mmhb™ and overestimating the
attenuation of the wanted signal in the computation of the elTective transmission loss. Hence, it is
suited for the prediction of imtersystent interference due to convective rainfall,
L1 The Seope of the study

In thes report, investigation of hydrometeor seatter as one of the propagation factors that can
altect the availability of wanled signal in a tropical enviromment is investigated, Emphasis is on the
availability of satellite channels receiving interfering signalz from a low elevation angle ~1"
lerrestrial microwave relay link operating at the same frequency as a result of hydrometeor scatter
m the common volume [ormed by the terrestrial station, The study is limiled o the frequency
range 4 — 35GHz where there is high degree of frequency sharing and coordination between the
terrestrial and Earth-space systems. The terrestrial antenna gain varies from 35 -55dB and for
practical consideration, the probability of occurrence levels ranges from about 1-107°%, The mean
annual statistics of the cumulative distribution of point rain rate P (R) measured at the locations

{He —le. Nigeria, Douala. Camercon and Nairobi, Kenya) are used, Convective thunderstorm rain



iype iz assumed, since this rain type 15 prevalent in the three locations. The interfering signals are

assume to be vertically polanized



CHAPTER TWQO
L0 THEORETICAL BACKGROUND

Consider an electromagnetic energy radiated by a transmitting antenna and assume that this
illuminntes a region of space, which is intercepted by atmospheric precipitation. Using this same
region ti view the antenna beam of a receiving terminal operating at the same microwave
Irequency, interference may occur, The scaltered wave amiving at the receiving antenna is
composed of a very large number of elementary waves. Each elementary wave is generated from a
single hydrometeor in the commeon volume and assuming that each elementary wave is different
from the others in size, shape, location and movement. In addition, all these elementary waves
have undergone attenuation while traveling on slightly differing paths,

Fig 2.1 is a sketch of typical hydrometeor scatter’ propagation geometry from a terrestrial
system to an Earth — space system. The path geometry of hydrometeor scatter interference is
usually defined in terms of the station separation, their projection to the common volume and also
therr relative bearing, Table 2,1 shows these variables, their corresponding  common volume
heights and the horizontal extents as are applicable to the present study.

Let us consider the presence of scatlerers in the common volume, that is. the region of space
defined by the inlersection of the two antenna beams, from fig 2.1, part of the energy propagating

along 1y is redirected along r;




Satellite system

Slalion separation

Temestrial stalion Satellite

Fig.2.| Hydrometeor scallers propagation geometry from a terrestrial system to
an Earth-space system operating at the same frequency.



Tahle 2.1 some geometrical parameters for calculating transmission loss.

£y (km}y Station E:pmql[un rz (km) CY height CV length (km)
(ki) (km}
0.0 50.7 1.245 0.711 1021
10H0.0 1016 2.849 1620 2.343
1500 152.7 4810 2,725 3.966
200.0 204.0 7.135 4022 5.893
250.0 255.4 9812 5.507 8121

CV- Common Volume




.1  THE BISTATIC RADAR EQUATION (BRE)

Ihe amount of {unwanted) encrgy that reaches the Earth — space system (receiver) can be
evaluated through the Bistatic Radar Equation developed by Crane, (1974) in terms of the ratio of
signal power in the two systems. Neglecting multiple scattering by atmospheric particle, BRE can

be expressed as

% > ﬁ_.ijkj.ﬁ]]l.i.ll I L{.?..pir}.’"{ L?;fi;‘h[h]adﬂ[rll-"i.:qlrr N{ﬂ}rj[m...uh‘ﬂ I:E ”

where P, and I* are respectively the mean power (in walls) transmitted and received along the axis
of the main antenna beams, F , (3 ) represents the directivity lunction of the anlenna systems
from which the elfective areas are calculated. Agp (ryz) represents the attenuation along the paths
[rom and towards the elementary volume, while Ag is the attenuation due to gaseous absorption.
(i, fre the transmilter and receiver antenna gains, while & is the wavelength ol the radio signal, ry
and 1z are the path length from the transmitter to the common volume, and from the common
volume 1o the receiver, 13 15 the particle equivolumic diameter, N (D) is the particle number
density in a diameter interval dD, o is the total scattering cross- section of parlicles with
diameter 12 inside the common volume, and it 15 related to the reflectivily factor, point rain rate B,
and the complex relmetive index of the mindrops. Al frequencies above 10GHz2, and as raindrops
size gels bigger than Jmm correction for Rayleigh scattering must be taken into consideration.

To caleulate the transmission loss, L or interference levels, the inverse log of equation (2.1)

will be taken, to vield

]

L=10 l.ﬂ[.',m % (2.2)

The evaluation of equation (2.2) depends on several factors such as the link geometry, electrical,
and meteorological parameters and these are also interdependent, as such, it is very difficult to

evaluate equation. (2.1) topether once. From the physical point of view, extracting all the terms



from the integral in equation (2.1} implies that the common volume is reduced to a single point
corresponding 1o the inlersection of the lwo antenna axes where the total scattering cross section
is evaluated. This is called the pencil beam approximation.
2.2 THE SIMPLIFIED BRE

The commeon volume is assumed to be very small compared to ry and ry inequation (2.1), A; and
Ay are assumed independent of their positions in the common volume, and the total scattering
cross sechion 1s also assumed constant within the common volume thus, the common volume is
much smaller than the rain region. Hence, the simplified form of the complete 3-D BRE is

expressed s

P Adrdde ) Glifode )i e f FA9h ) (9 i 23)

I |4 | miey
The symbols are as defined previously in equation {2.1), while ay; is the scattering cross section
per unil volume of precipitation; it replaces the second integral term on the far rght of equation
(2.1} This quantity depends on the lrequency and polarization of the incident and scattered waves
and on the value ol refractive index, size, and shape of the hydrometeor among others.

For interference simulations and predictions it is convenient to take into consideration the
warst case, since the highest value of coupling occurs when the transmitted and received waves are
bath wvertically polarized, whatever the scattering angle (Awaka and Oguchi, 1982). Hence
spherical drops are chosen and vertical polarization is assumed. The scattering cross section of
each single particle can then be evaluated numerically vsing the complete Mie solution or Rayleigh
approximation. Al frequencies less than 10GHz, the seattering cross section per unit volume of
precipitation oy is expressed as

5
a

.-':I.i

-1

o =(1n") Z (2.4)
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where L i5 the wavelength in meters, € 15 the permitlivity of the mediom (that is frequency,
temperature, and particle phase dependent) and Z (mm®m™) is the so called radar reflectivity which

15 proporiional to the sixth power of the drop diameter, that 13
z=[ NMDptdp = [ Ne ™ D'dD (2.5)

where N (D)) dD) is the density of raindrops in a diameter interval dD, No=8000 (m ™) and
A=4 IR (mm™) (Marshall and Palmer, 1948). The integration in equation (2.5) can be avoided
by wsing a power law relation of the form

Z=aR" (2.6a)
wlere IR is the rainfall rate (mm/h). Then,

Z=10logz (2.6b)
For wopical thunderstorm rain Lype assumed in this study, the parameters of ‘a’ and ‘b’ of
equation (2.6a) are ‘a’ =464 and ‘b" =131 respectively (Ajavi and Owolabi, 1987}, For vertical
polarization, the total scattering cross section is expressed as the ratio of the analogous quantity in
the Rayleiph regime and a comecting lactor S, that is,

a (1. 4)= o (1.0)5 (2.7)

where oy, 15 defined by (2.4) and
10 lop § = R"'IU"'[#U'—! ]'*[]“;”“} -{Jr—m}'[ "’“'3“]] (2.8)

Mote that 10 log S=0, if [ = 10 GHz, where [ is the requency (GHz) and ¢ is the scattering angle.
Using equation (2.6a) multiplied by the constant ‘o’ in equation (2.4) and replacing the second

integral on the far right of equation {2.1) by this new quantity, we are then left with the integral on

the far right of equation {2,3) defined as the effective common volume V.

T Fil g, ﬂ‘-'.}F'{E-.--cﬂzh
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2.2.1  THE EFFECT OF SIMPLIFIED (BRE)
Using the simplified BRE of eqn. (2.3) leads (o a dramatic reduction of computing time.
The effective common volume must be evaluated once for a given geometry, regardless of the
specilic rain pattern. I implir:-ﬁ that in order to compute a single interference level, only two-
monedimensional integration are required for the calculation of the extra aftenuation and total
scaitering cross section.

The seatter cross section has to be independent of the vectors i and &, whatever the position of
the particle in the common volume. Considering the beam pattern of the receiving antenna as being
much narrower than the tansmitting antenna, when the axes of the beam intersect each other, the
transmitling patlern is almost constant within the commeon volume. The pencil beam widths are
also reduced 1o straight lines while the common volume becomes a point, which will be the actual
intersection point of the antenna axis (Capsoni, et al,, 1992},

Taking the contribution from the elementary volume forming the common volume, equation (2.1)
can further be simplificd m terms ol the transmission loss L, nlo
L=P-P =K +A,-M+(S-Z+A) (2.10}%

All the terms in equation (2.10) are in decibel (B) units. Py and Py are the transmitted and
received power, Ag is the extra altenuation due to gaseous absorption, M is the polarization
decoupling factor, S is as defined in equation (2.8) and A is the stant path rain attenuation from the
transmitler to the common volume and from the common volume (o the satellite receiver. This is
ealeulated using the power law relationship between rain rate and attenuation which is expressed
a5

K =k R (2.11)

The subscript v refers to verfical polarization and the parameters k, and o, for calculating

attenuation A are shown in Table (2.2) for the frequencies investigated in this study, Z, the radar



reflectivity has been defined in equation (2.6a) and (2.6b). The term Ky in equation (2.10}) takes

the lorm,

. GiGar’ {m” =1
X, :mlug[ﬂ i ‘
m 4l

TRV e

« 10" J-M;—T%w’iﬁi‘.m'} (2.12)

where Gy and Gy are the antenna gains, m is the complex refractive index of water,d is the
wavelength ol the wave, Fy and F; are antenna directivity functions, ry anel 1y corresponds 1o the
slant path length from (he interfering terrestrial station and from the satellite station to the common

volume respectively while dv is an elementary volume

12



Table 2.2 Regression paramelers k and o of the power law expression for the thunderstorm rain

lvpe {from Ajewole, Kolawole and Ajayi, 1999}, V represents vertical polarization states.

kv o,
FREQUENCY (Gltz)
4.0 6.32x107 101970
£.00 261x107 D656
8.0 7.36x107 1.11700
10,00 001520 1.12970
12.0 002580 111200
16.0 005963 | 06851
20,0 0.83400 1.03000
4.8 ' 0.25603 0.99030




2.3 INTERFERENCE DUE TO HYDROMETEOR MODELS
A lot of models and prediction technigques have been used for determining interference due to
hydrometeor scatler between two independent microwave stations. Among the most widely used
models are: International Radio Consultative Commiltee (CCIR) model of report 569(1990) as
reported in Cost 210, International Telecommunication Union-Radio committee (ITU-R) model,
Capsoni’s model, Crane model, Awa ka model, Gaussian profile model, and the simplified 3D cell
miodel among others. Among the pack, the Capsoni exponential rain cell model i3 unigue, because
il demonstrated that the horizontal structure of rain is the same in all rainfall climatic zones. The
difTerence among rainfall zones lies in the measured cumutative distribution of rainfall rate of the
ITU-R. The present study employs the modified 3-1 cell model of Capsoni in the computation. In
what Tollows, some of the most widely used model are also desenbesd,
2.3.1 THE CCIR MODEL
The International Radio Consultative Committee hydrometeor scatter model is intended fo
predict ransmission loss statistics from rainfall rate statistics. It is based on lwo fundamental
agsumptions: Scaltering which oceurs only within rain cells having circular cross section and
whose diameter depends on the rainfall rates inside the cells, and Attenuation; which eccurs inside
as well as oulside the cell, but only below the rain height. Statistics of measured data on the 11 -
18CiHz range seems 1o show reasonable agreement with the predictions on the basis of the model
(COST 210, Report 569, [990). Al higher frequencies (300Hz and above), however, larger
deviations have been observed,
One other assumption is that of the time- invariant rain height, which determines whether the
seattering oceurs in the rain or in the ice region, The limitations of the model however are:
(i ) Only coupling between a narrow — beam earth station and a distant terrestrial radio relay

sty 15 considered:

4



(i) exact intersection of anténna axes iz assumed, while the side-lobe coupling is not

considered;

(iii) no side scatter is included in the analysis only forward and back scatter are considered.
The CCIE model was later modilied and the resulting expression for the determination of
transmission loss at frequency 1. 15
L= 168+20 log r = 20 log - 13.2 log R - g¢ +10logAs- log CHPyp dy + e dy (2.13)
where 1 is the distance between the region of maximum scattering and the location of an
earily station, R is the surface rainfall rate (mm ') for the required climatic region; gy is the
gain ol the terrestrial stalion antenna, Ay, is a correction Tactor for non- Rayleigh scaltering, C

is the effective scatler transfer. and is expressed as

2.17 S .
ot S Wl [ >dGHz (2, 14a)
¥,
| [ <4GHz (2.14b)
- (2.15)

yudy + 1y dy are the atmospheric attenuation for Oxygen and water vapor respectively.
d,=3.5R"™ Fm (2.16)
=631 kR 10t gp (2.17)

2.3.2 Gaussinn profile model.

It uses non- orthogonal gaussian function expansion of vertical reflectivity profiles. In
addition, it allows quick calculation of the bistatic radar cross-sections in hydrometeor scaiter
problems involving arbilrary reflectivity profiles. In particular, it allows scattering [rom melting

band and ice regions to be included in the cross —section calculation, This model however lacks a

physical basis:



2338 The Crane muodel
Crane, (1974} investigaled the bistatic scalter from rain using weather radar instrument in the

Avon — Lo- Westford (Country): He was the first to undertake detailed measurement of the effiect,
andd his wawk remained lor a E;:Hl;._'. time the basis of the I'TU-R prediction method (Ajewole et al.,
1999}, Transmission loss was estimated for the bistatic scatter paths, which were computed using
the weather radar data. the bistatie radar equation, and a model for the scaltering cross section per
unit volume of rain based upon Rayleigh seattering by an ensemble of water sphere. The model
predicts low values of rain cell size [or all rain conditions,

234 The I'TU-IR Muadel

This model predicts the distribution of rainfall rate in a locality. It investigates the problem
ol hydrometeor interference by assuming the 3-D exponential rain cell model of Capsoni et al.,
(1997}, The model offers possibility of predicting the statistics of many propagation parameters
such as atlenuation, interference by rain scattering ete, which are determined by the rain cell
charseleristics, and their [requency of oecurrence. The model has some limitations such as;
yielding excessively large rain cell radivs when rain intensity is less or equal to Gmmh’
sverestimating the attenuation of the wanted sigoal in the computation of the effective
irnsmission loss. Alse. the non-inclusion ol the relationship between the reflectivity factor and the
allenuation on one hand, and the assumplion of a fized rain cell position in space 15 another

limitatien of the model.



24 The 3D CELL Mudel
e 1o the limitations associated with models described earlier, a three-dimensional rain cell
model {3-1 cell model) has been developed to examine a non-fixed cell situation and to improve
on the alorementioned lmittions.

Hydrometeor scatlering is observed when a rain cell passes through the common volume,
which is defined by the intersection of the antenma main beams. At any given time, the
transmission loss can be computed by the BRE if the location and structure of the rain cell are
specified. The computed transmission loss may vary with time because of the movement of the
rain cell and because of the temporal clange in the rain cell structure. For simplicity, this study
asstumes that the rain cell structure does not change in time. Then the temporal changes in the
transmission loss ocour only because of the movement of the rain cell. Hydrometeor scatlering is
observed when a rain cell overlaps with the common volume, Affer the ran cell moves away from
the common velume, no hydrometeor seattering is observed for a while. Then there comes another
rain el swithy dilTeremt size amd intensity into the region of common volume, and hydromeleor
scaltering resumes. When this process continues for a long time, all possible values ol the
iransmission loss are obtained. The ergodic hypothesis Mismie and Waldteufel, (1980) enables us
to compute the probability of observing the values of transmission loss. Henee, the cumulative
distribuition of the lransmission loss can be computed.

e procedure ahove requires specilications of the tain cell structure and the movement of
the ram cell.
241 Rain — cell strocture (Spatial structure of rain cell)
The spatial structure ol precipitation rate {mm ]1't]l in both the vertical and horizontal direction is
needed 10 compute statistics of ransmission loss. The vertical structure of precipitation assumes

that rainfall e is vertically homogeneous up to the effective rain height. Asa matter of fact, the
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structure of precipitation is assumed constant up to the 0'C isotherm height, below which is the
rain region where attenuation and scattering of the wanted and the interfering signals occur.
Beyond the 0°C, is the ice region where Z decreases at the rate of 6.5dB/Km, hence. attenuation is
small (Ajewole, 2003). Z is climate/region dependent. It varies in the lemperate region, while it is
relatively stable in the tropical climates (Ajayi and Barbaliscia, 1990). The physical rain height on
the other hand is a more practical quality for defining the height of the min region especially Tor
rainy conditions. The expression proposed by the ITU-R for the mean 0°C isotherm height (hy),
which can be equated to the mean 0'C isotherm height (hy) during rain conditions in the tropical
region is

hpp =50Km 0 <g=<23 (2.18a)
¢ is the latitude of the locations. Due to the over-estimation of the hgp by this model worldwide,
Ajayi and Babaliscia (1990) used radiosonde data to propose a relationship for heg for Nigeria,
This relationship depends weakly on the rain rate value averaged over a 2hr period, Thr before and
Ihr after the launch of the radiosonde. It is expressed as

hyg = 4.67 + 6x10°R {2.18b)

An example of the horizontal cross section of a rain cell is shown in figure (2.2). The rain cell
has a cylindrical symmetry. Within the horizontal cross section, the rainfall rate is assumed to vary
exponentially at point x and y and is expressed as

R (%, ¥) = Rue™, (2.19)
where r is the radial distance with coordinate (x, ¥) from the rain cell center, Ry is the maximum

rainfall rate and ry is the paraineter characterizing the cell size. {Capsoni et al

. 1987)
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Rainfall rage

Fig.2.2 Horizontal eross section of a rain cell



It is necessary o runcate v al o certain distance ry, where the rain intensity is minimum ().
R Occurs at the distance at which ¢ = 1, and there is no rain when r is greater than ry. The

expression can be wrillen as

r=—=m— (2.20)
win

According to Capsoni and DX Amico (1997), for any range of peak rain rate, rain cells present
well- defined exponential distribution of sizes regardless of the range of R, considered. A
probability density is then attached to this exponential distribution, which is a [unction of the
conditional avernge radius (size) of the rain cells. This conditional average radius (size) is

expressed as

=T 86
r (R, )=1. [%] 4-[-‘2&] (2.21)

2.4.2 Rain - cell movemenld

Rain cells are assumed to have constant velocity. Let us consider identical rain cells in the first
place, Though the cells are identical in structure, the closest distance between the center of the cell
and the center of the common volume, which is a similar concept to the impact parameter in the
collision theory, varies with each cell. This closest distance is assumed distributed uniformly in
statistical senses,

In actual fact, the center of the common velume is located at a fixed point whereas the rain cells
move aboul. However, since the rain cells are assumed to be identical and are also assumed to
have the same velocily, the actual situation can be regarded as equivalent to the following situation
in o statistical sense; A rain cell is fixed in space whereas the center of the common volume moves

about uniformly on a horizontal plane in the rain cell,



We also assume that each type of rain cell containg infinite number of identical cells crossing the
common volume, Values of the ransmission loss vary depending on the position of the center of
the common volume in the rain cell, The above statistically identical situation enables us 1o
compute the cumulative distribution of transmission loss.

2.4.3 The spatial density

The exponential shape, the type of distribution of rain cell sizes, and the conditional average
radius are valid in any location. Hence, any meteorological rain environment can be modeled by a
aroup of isolated rain cells having different peak rain rates and sizes by attaching an appropriate
statistical weight, This et enables us to utilize the Excel shape model of the horizontal structure
of rain. The difference from one location to another is reflected in the probability of occurrence of
a rain cell which is represented by the cell spatial density; that is the number of cells per square

kilometer and per unil peak rain rate, Ry, and r. 1t is expressed as

N(.R, )=N' H,,]mx]{ T, }] (2.22)

where N () is the spatial density of cells with peak rain rate Ry, no matter the value of r,. This
parameter is related to the cumulative distribution of the point rain rate, which is location
dependent, and is easily available from the measurement at the location of interest or from ITU-R
rain climatic zones,

In eelation Lo area probability, Capsoni et al., (1987), further simplified N* (R} by setting the
probability P (R} of finding R (x, y) of equation (2.19) greater than R, and proportional 1o the

peometric area over-which R is greater than R, thus for a third order derivative of Ry,

ot
azk r(R,)

(LI L]

d' P(R)
d(ln k)

N(R, J=— (2.23)

Moo
A log- power —law expréssion was then adopted to define the measured values of P (R). The

expression proposed is given as
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o
H.
MEY= P n| = :
(k)=1r In[ R ] (2.24)

P, and k can be obtained by interpolation from cumulative distribution of the measured point rain
ate 1 (I or From the TUVUSR O EP99) main climalic zones. R’ i normally assumed to be about four
limes the highest rain rate at the location of interest. The summary of Py, R and k for the three
locations, Nigeria, Kenya and Cameroon is shown in Table 2.3. An average waler vapour density
of 20g/m” was assumed to calculate attenuation due to absorption by atmospheric gases (ITU-R
Rec 1" 836-1. 1997) while water tempetature of 20°C was assumed to calculate refractive index of

water using the method of Ray, (1972).
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Table2,3 Power law parameters for the local cumulative probability density for thunderstorm

conveetive rain type for the locations considered and the Z - I refation,

P i’ k Z=a R"
Location
le-lfe, Nigeria | 5.91x107 | 624 4.5585 461 R™
Nairobi, Kenva | 4.727x107 | 400 4,7754 BIR
Douala, 2237107 | 732 5.9737 461 "
Camerson
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2.5 Input parameters used for modeling

The modeling of the modifed 3-13 cell model requires some input parameters, which include the
il meteotological information of the location, and the peometrical and electrical properties of
the link.

Inputs for the electrical characteristics of the link include; antenna gains, antenna polarization,
1dB- beam-widths, operating frequency and polarization decoupling factor M. The geometrical
information with respect to 8 common volume reference system include; antenna pointing and
distance between the stations. The meteorological information required includes 0°C isotherm
height, cumulative distribution of point rainfall rate ' () and water vapour density, The additional
inputinformation needed are; the relationship between specific altenuation to rain rate,
relationship between radar reflectivity to rain rate and the deviation from Rayleigh scatter.

In this studyv the lognormal distribution for the drop size distribution (dsd) is employed.
Rayleigh svatlering cormection takes care of the shape factor al frequencies higher than 10GHz.
e parameters needed 1o compute the bistatic cross-seclion {(ay ) for deformed raindrops (for
thunderstorm rain tvpe) in tropical locations are obtained from Ajewale, (1997). The attenuation
accurring on the bistatic link is approximated to consist essentially ol attenuation along the path
from the transmitting station 0 the common volume, and from the common volume to the earth
station receiver in the region below by, even though this is very small (Ajewole et al,, 1999). The
main contributors are rain and atmospherie pases (oxygen and water vapour). While the 3-D
algarithm used, wtilized the 1TU-R, recommended procedure for computing attenuation due to
almospheric gases, rain atienuation along the path is computed using the power law relationship of
Oflsen, (19933, The hasic inpul parameters used in the process of evaluating the cumulative

distribution of transmission loss due 1o interference in this study are as follows;

2



1.5.1 Link geometry
This study assumed a fixed path length of 50 — 250km from terrestrial station antenna to the
common volume distance,
2.5.2 FElectrical characteristics of the link
The satellite earth station terminal is defined as the interfered station. s antenna is assumed 1o
have a Guassian radiation pattern and with a gain set at 59dB, beam width of 0.18", efficiency of
55%, and elevation angle of 35" which is the look angle of most satellite receiver syslems over the
Atlantic Ocean region in Nigeria. The interfering terrestrial svstemn for this study has an elevation
angle of 1°, beam width of 1.6” and antenna gain varied from 35-55dB. The antennas are assumed
located on the growmd, with relative height difference ol zero. This assumption allows the lower
half of the terrestrial station radiation pattern to be cut off, thus making no contribution o
interference, The cumulative distribution of transmission loss is evaluated in the forward
direction. Frequency range of interest is 4 — 35GHz. and the parameters for evaluating attenuation
using the power — law expression, for thunderstorm rain type is assumed. Only the Vertical
polarization is investigated in this study beeause the highest value of coupling occurs whenever
both transmit and receive systems are vertically polarized (Awaka el al., 19E2).
2.5.3 Meteorological parameters
Convective tropical rains that are usually generated within the cumulonimbus clouds, are
convective, and can consist of many active centers with strong up- and down drafis. They are also
usually characterized by high rainfall intensity, and are sometimes accompanied by thunderstorm,
In Nigeria, Kenya and Cameroon, the mean freezing height under raining conditions {hyg), is
assumed 1o vary from 4.54 - 4.79Km, because even from eqn, {2.18a), hep s expected to remain
constant throughout the region, so the measured value for Nigeria has been adopted for the

locations. The mean annual cumulative distribution of point rain rate P (R) measured at the
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locations are wsed 1o calculate the cumulative distribution of transmission loss. R is 624mm/h for
He-1fe. 400mmvh for Mairobi and 732mmdh for Douala (four times the maximum rain rale).
Average water vapour of 20g/m’ is assumed fo calculate attenuation due to absorption by
almospheric gases TTU-R, ( 1997) while a water temperature of 20°C was assumed to calculate the
refractive index of waler using the method described by Ray, (1972). The measured cumulative
distributions of point rain rate al the locations are taken respectively: for Nigeria from the work of

MeCarthy el al., (1994a), for Cameroon from MeCarthy et al., (1994b) and for Kenya from

MeCarthy et al., (1994c).
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CHAPTER THREL
3.0 RESULTS AND DISCUSSION
The modified Capsoni-3-dimentional rain cell model has been used to calculate the statistics of
the trnsmission loss, for tevrestrial propagation path length to common volume ) (fig2.1) ranging
Frosm 30 — 250k This chapter discusses the resulis obtained from the computation,

3.1 The Common YVolume (CV)

The equivalent satellite - to- common volume distance and terrestrial receiver (ry andry), and the
height of the common volume corresponding to each terrestrial propagation path length are shown
in table 2.1 and they are calculated only once for a geometry repardless of (he other input
purmmeters, and the horizontal extent of the rain cells. In general, CV increases approximately
linearly with increasing antenna separation, When the station separation is longer than 204km (ry
greater 200km}. the common volume is in the ice region, where ice scattering is the dominant
seattering mechanism. Indeed, it is only the wanted signal that will be affected by the attenuation in
the ice region, while the interfering signal will be less affected, On the other hand, when the CV is
below hyg. both the interfering and the wanted signals will be affected to the same extent by the
attenuation, Hence, a OV above hyp is subject to a considerably lower transmission loss (higher
interference from the interfering sipnal) compared 1o one below hey despite the decrease of Z at a
rate of 6.5d13/km above the hyp The same geometries used by Ajewole, (2003) are assumed in this
siudy.

3.2 Comparison of the transmission loss for varying terrestrial antenna station-to-commaon
vilume distance,

Figure 3.1 shows an example of the variation of cumulative distribution of the {ransmission
loss with terresirial station to common volume distance at percentages of occurrence ranging from
0.1 to 0.001, frequency of 16GHz and terrestrial station gain of 45dB. In all the three stations, the
results show that the transmission loss increase gradually with distance from the terrestrial antenna

o the common volume at all time percentages.
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Fig. 3.1 Comparison of the transmission loss with terrestrial antenna station to common volume
distance al the localions and varying percentage times
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Ihis implies less interference in the satellite receiving system. This trend was ohserved at other
frequencies, but, when the station separation is longer than 204km, the slope of the curve of
transmission loss for the various percentages of time hecomes steep due (o the decrease in radar
reflectivity factor in the ice region. This is in good agreement with the result of Ajewole, (2003},
The transmission loss for He-1fe varies from about 124.3dB 10 158.3dB;Nairobi result varies from
about 124.3dB to 159.3dB while it is 123.3dB to 155.3dB in Douala. Lower values of transmission
losz in Douala, Cameroon signify high interference in the satellite system. This is due to the high
rain rates and high average annual rain accumulation of about 4110mm in the region as percentage
of time decreases compared 1o about 930mm and 1400mm in Mairobi and lle- Ife respectively,
(McCarthy et al., 1994a-¢ and Ajewole, 2003)

The comparison presented in figure 3.2 shows that transmission loss is at the level of 158.4dB at a
frequency of 20GHz in Douala, while it is 160.4 and 161.4dB at the same frequency in lle-lfe and
Wairobi respectively. This suggests high interferences in Douala, Cameroon. Transmission loss L,
imereased pradually with increasing station separation for frequencies up to 16GHz for station
separation less than 204km, but at slation separation greater than 204km, the slope becoines steeper
due to the decrease in radar reflectivity factor in the ice region. At the higher frequency of 20GHz,
the transmission loss is significally higher than at the lower frequencies. Though not shown here,
the same resull is also noticed at frequency of 34.8GHz.this is due to the strong path length

attenuation and at 250km to the common volume due to the rapidly decreasing radar reflectivity.
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Fig.3.2 Comparison of the transmission loss with terrestrial antenna station to common volume
distance at the locations, 0.01% of time and varying the frequencies.
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3.3 Comparison of the transmission loss with frequency

The influence of varving the frequency on the computed transmission loss is examined over
varying terrestiial propagation path length at time percentages of 107" to107'%. The comparison is
shown in lipures 3.3 and 3.4 over short and long path lengths for frequencies 4, 8. 10, 16, 20, and
34 8CGHZ. The transmission loss curves [or the short path length (30km) varies from about 117.3dB
o 135.3dB. 118.3 to 136.6d8 and 119.3 to 137.3dB in Douala, lle- Ife, and Nairobi respectively
while it is about 143.3dR o 164.4dB, 145.4dB to 165dB and 143.3dB to 166.4dB in lle-lfe,
MNairobi and Douala respectively when the path length is 250km. At frequencies of 20 and 34.8GHz,
lhe tramsmission loss is significonty higher than at other frequencies for these path lengths.
Iransmission losses at other frequencies are bounded in a narrow range.
1.4 Comparison of the transmission loss with terrestrial antenna gain
The comparison of the transmission loss is made at terrestrial anlenna gain varying from 35 =
S5dly for signal passage through thunderstorm rain type and at time percentages of 1 107%,
The comparisons are also made al frequencies of 6GHz and 20GHz for short and long path
lengths to the common volume as presented in figs.3.5 - 3.7. In figure 3.8, the transmission Joss
for other time percentages is omitied due to an assumption by the algorithm used to discard
coupling less than —180dB for practical reasons. The resulls sugpest that in general for a given
terrestrial gain, the cumulative distribution of transmission loss increase with increasing
probability {decreasing channel availability), Also, transmission loss decreases lincarly with
increasing anlenna gain for a given oulage margin {percentages of time). For example, at
frequency 6GHz, while the transmission loss decreases to a level of aboul 105.8, 106.8 and
107,841 in Dovala. lle- e and Nairobi respectively, at very high probability {10™%) and at short
path length (50km); the minimum transmission loss is at the level of 122.3dB at a frequency of

200G Hz at the same path length.
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length) and varying percentage times.
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Al long antenna separation (250km) and lrequency of 6GHz; the minimum transmission loss is al
the samie fevel ol 348018 w0 botly Dovala and Hle e while it is about 136.8d13 at Mairobi at very
gl probability of 1 %, Also, the minimum transmission loss is al 154,408 a1 a frequency of
206 Hz at the same station sepaiation, Interlerence received from the terrestrial station by the earth
station receiver will be lower in Douala and He- Ife compared to Nairobi. There is possibility of
severe interference in the satellite receiver st the short separation between the antenna systems,
miore 50 that the total attenuation is small at low frequencies. Also at long path length of 250km,
common volume is above the freezing height level, indicating that attemuation due 1o the ice tegion
also contributed (o the interference.

35 Comparison of the transmission loss with percentages of time

Ilie results of the transmission loss were also compared with % of occurrence rnging liom

107" o 107 The comparisons were made at frequencies of 6,10,16 and 34 8GHz and terrestrial
pain ol 45d1% Typleal resull short path length of 30km is shown in figure 3.9, The tamsnission
loss curves for the shorl path length varies from about 114.8 1o 136.6dB, 115.8 1o 136648 amd
114.8 10 135648 lor Hle -z, Nairobi, and Douwala respectively, Though not shown here, the
irnsmission loss varies from about 1414 o 160648, 1434 o 160,648 and 141.4 to 160013 for
le ~Ife, Nairobi And Douala respectively when the path length is 250km. Over these path lengths,
amd ot o freguency ol 3.8GHz the transmission loss s significantly higher than at other
lrequencies due to the strong path length attenuation and in addition at 250km due to the rapidiy

decreasing sadar reflectivity in the ice region. Transmission losses at other frequencies are bounded
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Fig, 3.9 Comparison of the transmission loss with % of time at the locations, terrestrial antenna to

comimon volume distance of 50km (short path length) and varying the frequencies.
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3.6 Comparison of percentage difference of transmission loss between Kenya, Cameroon and
Niger.
Ajewole et al,, (1999), computed transmission loss for Nigeria. They assumed two-elevation angles
af 55" and 23° and two-rain Lypes. thunderstorm and shower. In the study, the mean annual rain
rate distributions were used for shower, while the mean worst month distributions were used for
thundersiorm rain. Furthermore, Ajewole, (2003) computed transtission loss for elevation angle of
55" terrestrial gain of 40.5dB and three rain types {Widespread, Shower and Thunderstorm). This
latter study was based on two rain cell models, the Capsoni 3-1 cell model and the Awaka (1989)
model. Since much work has been carried oul on Nigeria, percentage difference can be made
between the Nigetian results and the other sub-Saharan tropical locations (Kenya and Cameroon)
considered in this study,

The percentage differences are reported only for 0.01 percentage of time, since this is the time
percentage unavailability used for most designs in satellite telecommunications.

Fig 3.10 shows the results comparing the percentage diflerence between Nigena and other
locations. curves below the Nigerian data indicate that the results for Nigeria are lower by
percentages indicated on the curve while curves above indicate that the results for Migeria are
higher by the percentages shown,

The results as presented in figure 3.10 shows that while varying the transmission loss with
lerrestrial antenna to common volume distance, the transmission loss is higher in Douala by less
than 2%, and lower in Nairobi by less than —1.5%. These results show that a good agreement exists
between the Nigerian data and these other stations. Though not shown here, the results of varying
the frequencies, and gain characteristics of the transmission loss show that the percentage
difference between the cumulative distribution loss in Nigeria and in Kenya and Cameroon will be

less than +2%, whether the path length is short or long,
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3.7 Evaluation of effective transmission loss, Le.

In this section, the results of some possible effects of the extra attenuation on the wanted
satellite signal are presented. In considering interference by rain scatter, statistics of the cumulalive
distribution of transmission loss alone will not be sulficient to assess the severity of interference al
the interfered station. At higher frequencies, that is, above about 10GHz, the wanted signal also
sulfers from attenuation due 1o hydrometeor scatter, in addition to signal degradation due to
depolarization effects. In locations with intense rain activity, the attenuation along the wanied path
could be larger than the maximum link margin so that the satellite Tink would be out of service
whatever the level of interlerence (Capsoni and 1" Amico, 1997), However, when the link margin
s not exceeded, the exira atenwation by rain has the potential of increasing interference in the
wanted signal by reducing signal- to- noise ratio in the receiver terminal. The effect of the extra
attenuation is deseribed by the effective transmission foss, Le, defined as the difference between
the transmission loss and the extra attenuation, on the basis of joint dependence on the statistics of
the transmission loss and the attenuation, The effects of varying effective transmission loss with
some other parameters are discussed in what follows.

3.7.1 Comparison of the effective transmission loss (Le) for varying terresirial system-to-
commaon volume distance.

The results of the variation of the effective transmission loss terrestrial antenna distance to
the common volume and percentages of time ranging from 107" 1o 107, frequency of 16GHz and
terrestrial station gain of 4548 are presented in fig. 3,11, The effect of the extra atlenuation due 1o
rin along 12 is quite significant. Al a station separation of 50.7km (terrestrial station-to-common
volume distance of 50km) and % of time of 107, the effective transmission loss is about 99.3dB,
106,348 and 85,3dB for lle-1fe, Nairobi and Douala respectively. Le is highest at Nairobi, and
lowest al Dovala. Lower values in Douala signify high interference in the satellite system. This is

due to the high average annual rain accumulation of about 4110mm in Douala compared to about



930num and 1400mm in Nairobi and e-1le respectively. Generally speaking, Le increased with
InCreasing antenna separation.

Mexl, we consider the variation of effective transmission loss with terrestrial o common
volume distnees al some fregquencies, for 0.01% of time. The result i3 as presented m figure
112 For a station separation of 50.7km: Le is about 107.6dB at a frequency of 34.8GHz for [e-Ife.
Nigeria while it is 114.6 and 92.64B for Nairobi and Douala respectively at the same frequency
and time percentage. The difference between the transmission loss is large when compared at
lower [requencies and short stalion separations. Further al same station separation of 50.7km and
frequeney of 6Glz Le is about 1178413 at le-1le while it is 119.8 and115.8dB for Nairobi and
Douala respectively at this same frequency and time percentage of (.01%. The Tle-Ife result is in
agreement with the earlier resulls of Ajewole, (2003), Regardless of the frequency, Le is lower in
this study in Douala when compared with the other lecations. This means that there is a stronger
interference effect due to larger increase of attenuation along the wanted path in Douala. Also, the
cumulative distribution of Le shows o significant dependence on the local metrological point rain
rate distribution. Hence, the effect of the larger accumulated water in Cameroon is a strong factor
responsible for the larger extra altenuation.

Figs.3.13 and 3.14 show the comparison of the resulls of Le at some lrequencics and perceniage
time unavailability for both short and long path lengths. For the probability levels considered (10
W'y Le decrenses generally but with a crest around 20GHz frequency. It decreases further after
M0GHz The effective transmission loss increases with increasing percentages of time for short path
length (50km). However, at long path length (250km), Le decreases up to 10GHz, but started
increasing at the [requency of 16GHz, this is due lo the decrease in radar reflectivity factor in the
ice region and the strong path length attenuation. However, minimum effective transmission loss

still oeeurs in Douala when compared with other locations.
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Fig.3.11 Comparison of the effective transmission loss with lerrestnial antenna station to common

volume distance at the locations, frequency of 16GHz and varying percentage times.
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Fig. 3,12 Comparison of the elfective transmission loss with terrestrial anlenna station (o CoOmmon

volume distance at the locations, 0.01% of time and varying the {requencies.

45




3.7.2 Comparison of the effective transmission loss with tervestrial antenna gain

Figs 3.15 to 3.18 presents the results of the influence of terrestrial antenna gain on the
elfective transmission loss at some lrequencies over shorl and long terrestrial propagation paths.
Time percentages of occurrence ranging from 107" to 107 and terrestrial antenna gain ranging
from 35 — 55dB are considered. In general, for a given terrestrial antenna gain, the effective
transmission loss increases with increasing probability. Also, Le decreases linearly with
increasing antenna gain for a given outage margin. For short path length, while Le decreases lo a
level of 10145, 1038, and 105,841 in Douala, He- e, and Nairobi respectively at frequency al
6GHz for high availability requirement of 1079, Le is at the level of 78.3, 94.3, and 101.3dB
for frequency of 200iHz for the same station separation. The difference between Le in the
locations is about 2dB al lower frequencies (fig 3.15) while the difference increases to about
163 at the higher frequency of 20GHz (fig 3.16) for the same % of time. This is due to the fact
that the total attenuation is small at low frequencies, However, Le for 1079 of time occurrence
in MNairobi is the same as for 107 in Douala. When the station separation is 250km at time % of
107 Le decreases up to the level of 133.8dB (lle-Ife and Douala) and 136.8dB in Nairobi at a
lrequency of GGHz while minimum Le occurs at the level of 154.4 and 155.4dB Douala and
Ite- Ife for frequency of 20GHz The difference is about 3dB at lower frequency while it is about

I3 at higher fregquency.
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Fig. 3.13 Comparison of the effective transmission loss with frequency at the locations, terrestrial

station to common volume distance of 30km (short path length) and varying percentage times.
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Fig. 3.14 Comparison of the elfective transmission loss with [requency at the locations, terrestrial

station to common volume distance of 250km (long path length) and varying percentage times.
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Fig.3. 15 Comparison of the effective transmission loss with terrestrial antenna station gain at the
locations. frequency of 6GHz, terrestrial antenna station to commeon volume distance of 50km
(short path length) and varying percentage times.
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Fig.3.16 Comparison of the effective transmission loss with terrestrial antenna station gain at

the locations, frequency of 20GHz, terrestrial antenna station to common volume distance of

50km (short path length) and varying percentage times.
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Fig.3.17 Comparison of the effective transmission loss with terrestrial antenna station gain at
the locations, frequency aof 6GHz, terrestrial antenna station to common volume distance of
250km (long path length) and varying percentage times.
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3.7.3 Comparison of the effeetive transmission loss with percentages of time.

The result as presented in fig 3.19 shows the comparison of the effective transmission
loss with time percentages over long lerrestrial propagation paths, and frequencies 4, 8, and
16GHz. The effect of the extra attenuation due to rain along 1y is quite significant. When the
path length is 250km Le is about 144.3, 1463, and 143.3db in Nigeria, Kenya and Cameroon

al the same frequency, This result is also in good agreement with Ajewole, {2003).
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Fig.3.1% Comparison of the effective transmission loss with % of time for at the locations, ;
terrestrial antenna station o common volume distance of 250km (long path length) and varying
the frequencies.
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CHAPTER FOUR
4.1 CONCLUSION
In this work. the camulative distribution of the transmission loss L, and the effective
iransmiission loss Le, are caleulated using the modificd Capsont 3-D rain cell model. Vanous
other parameters such as [requency dependence, terrestrial station antenna gain, antenna
separation ele and their effects on transmission loss have been mvestipated. The results obtained
are compared i the three locations He-Ife, Mairobi, and Douala.
The results of the transmission loss with varying station separations obtained in this study
o Nigeria are in goad agreement with similar ones made by Ajewole et al., (1999) and Ajewole
(2003}, When compared with the existing results, il was observed that the percentage difference
i the transmission loss for station separation is lower in Nairobi by 1.3% compared to lle-Ife,
while it is higher in Douala than Hle-Ife by 1.4% for 0.01% time unavailability. The frequency
characteristics of the transmission loss for a given TS pain also show that the percentage
difference hetween Nairobi and Douala is about 2% al occurrence time perceniage of 0.01.
Further, with these low percentage differences in transmission loss between the stations, the
results for Nigeria can be applied with little correction at the other locations. It should be noted
however thal some common assumptions were made for the stations in the evaluation process,
such as similar by height, minfall and meteorological parameters etc. This 1s due largely lo the
upavailability of these measured data in Nairobi and Douala.
Since the percentage difference is higher in Douala regardless of the path length, frequency and
gain margin, this implies higher interference levels received in Douala. This is due to the higher
rain rates and higher annual rainfall accumulation in Cameroon as percentage of time decreases.

The evaluation of the effective transmission loss shows that additional rain attenuation will
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severely weaken the received signal, which may lead to circuit outage during occurrence of
heavy and intense tropical precipitation,

The summary of the computation of the effective transmission loss, Le shows that the values
are consistently higher in Mairobi than Douala and He-lle regardless of the paramelers being
considered.

The results of the present work are in good agreement with those of the previous resecarchers
particularly for Nigeria Ajewole et al., (1999) and Ajewole, (2003). Though the results require
experimental validation, it will serve as a database in the planning of an acceptable satellite
communication networks particularly in Kenya and Cameroon where there is a dearth of
information and data on intersystem interference presently.

4.2 RECOMMENDATIONS

It is recommended that investigation of some radio meteorological parameters such as heg,
raindrop size distribution model, radar reflectivity to rain rate relation, attenualion to rain rale
relation. ete in Camervon and Kenya be carried out as a matter of urgeney. Using relevant
appropriate parameters for each location to evaluate transmission loss L, and the effective
transmission loss Le, may improve the results for the locations, However, it may not be easy lo
carrvoul such studies, as it requires up-lo-date instrumentation and good substantial funding,
Therefore, funding for research [rom governments and industries is therefore necessary lo
enhance better telecommunication services in these areas.

Further, a regional or an intergovernmental platform can be created to bring together experts in
ihe field of communication for the purpose of development, quick integration and expansion of
teleconimunication services across the region.

Since this siudy focused on vertical polarization, the horizontal polarization can also be

investigated.
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