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ABSTRACT

The nexus of this study is to examine thoroughly the dependence of climatological parameters on GSM
signal, especially in a metropolitan terrain. To validate this work, field measurements were carried out in
the ITU regions of Lagos metropolitan area. The measurement system consisted of live documented radio
base stations (BS) data transmitting at 13GHz, 15GHz and 28GHz in seven siles that constituted a
metropolitan environment. The seven sites were segmented into non-urban (rural), suburban, urban, Ex-
urban, dense-urban, micro-urban and peri-urban propagation environment. The Rain outage of the annual
unavailability of the region of metropolitan data was collected using a Lenovo Laptop with installed path
loss software alongside a licensed key called DONGLE. Results of this effort reveal that climate change
affects signal propagation.

Keywords: Climate, Environments, Path loss, Signal, Parameters, Matlab, Season, Data rain outage.

Contribution/ Originality

This study reveals how climate change affects the signal propagation of radio waves in two
different seasons. It also explores some of the areas that were not considered such as suburban,
peri-urban areas by other authors. This paper primary contribution is in the determination of
unavailability of rain outage from the metropolitan areas. This research study therefore shows
that climate affects signal propagation depending on climatic parameters (rain and harmattan),
frequency of transmission and ITU regions of propagation (which justifies the size of rain and

harmattan intensity) in Nigeria.

1. INTRODUCTION

Climate is a key factor most likely to be considered during GSM transmission planning. The
Climate change, however, is the state of the climate that can be identified by changes in the mean
and variability of its properties. Climate change refers to a change of climate that is attributed

directly or indirectly to human activities that change the composition of the global atmosphere.

46
© 2014 Conscientia Beam. All Rights Reserved.


http://crossmark.crossref.org/dialog/?doi=10.18488/journal.80/2014.1.2/80.2.46.61

Review of Environment and Earth Sciences, 2014, 1(2):46-61

One of the most important considerations during GSM transmission planning is the climatic
condition of the environment. The Radio signals while propagating through the atmosphere
suffer refraction. It is known that the refractive characteristics of the neutral atmosphere depend
on its composition;mainly ambient temperature and water vapour [1-37]. Due to global
warming,there has been a drastic change in temperature, pressure, water vapour and other
atmospheric parameters making them rise beyond their normal ranges. Since water vapour is a
polar molecule, the dipole moment is induced when microwave signal propagates. However, the
polarity of propagation is a determinant when the water vapour reorients them. This causes a
change in refractive index of the atmosphere and the refraction introduces uncertainties in the
time of arrival due to excess path lenght or delay(cm) [4, 57. The term delay refers to change in
path length due to change in refractive index during the propagation of radio signals through the
atmosphere duly constituted by several gases. Their combined refractive index is slightly greater
than unity which gives rise to a decrease in signal velocity.This eventually increases the time for
the signal to reach the receiving level(RxLev) by mobile phones. The Receiving level(RxLev) is
the vector summation of plane waves originated antenna. A decrease in signal velocity however

affects the annnual unavailability of the signal.

2. THEORETICAL PROPAGATION MODEL

This work introduces the basic theoretical propagation models which are initially put into
consideration and are now being classified into Free space model, Smooth plane earth
propagation, Cost — 231, Hata, Okumura — Hata Model, Exponential decay model, the I['TU-R

(maximum alternation) model.

2.1. Free Space Propagation Model Analysis

Free space transmission is the primary consideration in all the wireless communication
systems. In propagation model, Free space begins when a wave is not reflected or absorbed
through the normal propagation. It connotes that equal radiation of signals in all directions from
the radiating source and propagates to an infinite distance with no reduction of signal strength.
Hence, free space attenuation, in other words, every communication system takes into
consideration free space loss. The path loss increases as the frequency of propagation increases.
For a particular unit of distance, this happens in the sense that higher frequencies definitely have

smaller wavelengths in order to cover a specific distance [6].

2.2. Analysis of the Free Space Model

Consider the Figure 1 below in which the radiated power at some distances from a
transmitting antenna is inversely proportional to the square of the distance from the transmitting
antenna is inversely proportional to the square of the distance from the transmitting antenna

distance from the transmitting antenna
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Figure-1. Free Space Model Diagram

Therefore, the power density at the receiver in watt/m? is given as

, Transmitter
power density = ———

(1)

Surface Area

Where the surface area is tangent to the measurement point with the antenna at the centre.

Mathematically, it can be expressed as

1

Sp=Sr— (2)

Then, the effective power density =Power density * gain

_ St6r P’
RE = 302 (3)
The antenna gain
_ 4TATNT
Gr=—3 (4)

Where A7 is transmitting antenna Area and 1 is the antenna efficiency.
The receiver would also be of the same type as the transmitter so that the receiver’s Area Ay

and the receiver’s efficiency 1 diminished the receiver’s power by the power factor Agng
1
SR = STGTARURW (5)
Noting that the receiver gain is also given as
1
GpA? i Agrng (6)

Substituting equation (5) into equation (6)

Sk = Tty @
(=)
Equation (7) can equally be expressed in decibel (dB) as follows [7]
4nd
10log Sz = 10log,Sy + 10log,oGr + 10log,,Gr — 201logy, (T) (8)
Radiator

Equation (8) is called Transmitter- Receiver Formula.
Therefore, in an isotropic medium, antenna transmits signals evenly and equally in all
directions. Hence, for basic transmission free space path loss denoted as L, is defined as the
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reciprocal of equation (10) which is the ratio of transmitted power to the received power usually
expressed in decibel. For transmission between isotropic antennas, the gain of the receiver and

transmitter assumes the value of unity (1) [6-87.
d
L= (5r/0) = (24’ (9)
Expressing equation (9) in decibel (dB)
L(dB) = Sy — Sz = 20log;o (%) (10)

2.3. The Investigated Environment
This investigation was carried out by sampling the three ITU regions in Nigeria at different
climatic seasons of rain (May- June) and harmattan (November - March).The Test was carried

out within the three sites in the different regions [6, 9, 107.

Figure-1. Map of Nigeria/Rain zone in reference to ITU-R P.837-1 Figure-2. The N-Region

e =

; ’;\- ‘.. Rain zone
s S
; T o S 2
X ',]:: %oufrbh i Z 3%

R el Ssigesl s
“‘%bv\%r \,ﬁf-@\\ -

” e @% CMEJ,/OO,L

e ¥
o ;008le

Figure-3. The P- Region

sGoogle

2.4. Measurement Procedure

The measurement system consisted of live documented radio base stations (BS) in the data
base sytem of the computer system with installed PATHLOSS software transmitting at 13GHz,
15GHz and 23GHz respectively. Rain outage of the annual unavailability and specific attenuation
of the region were collected from the PATHLOSS software [107].A licensed key called DONGLE

was used in activating it. The system was connected to the internet in order to get the Google
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earth data and the regions. The Data from the field measurement were then compared with those

of the ITU models.

2.5. The Ionosphere Propagation and Atmospheric Index Model

Ionosphere is the product of solar and cosmic radiation acting on the atmosphere to
dissociate free electrons. Basically, the cosmic radiation combining with solar in order to
dissociate free electron is what is called ionosphere propagation.

There is absorption at the lower useful range and there is a maximum usable frequency above
which ionosphere is largely transparent and is influenced only propagation by the phenomenon
known as Faraday rotation. The ionosphere is the upper region of the atmosphere. The free
electrons density dissociated is reproduced by Ne and the amount of electrons it can dissociate is
represented by N [[3, 47].

Therefore, the resulting free electron density is the range 10 9- 10'? electrons/m?®. There are
three (3) destructive layers of atmosphere. The D-layer is prominent in the day time and
varnishes at night. It is characterized by high electron collision frequency and absorption is high
in D-layer. The other layers are called E and F layers and these two layers are very important for
communication system between 3-40 MHz. During the day, the F-layer splits into two I, and F..
Electrons are 1,800 times higher than all other ionized particle in the ionosphere. So, the motion
of electrons determines the dielectric properties of the ionosphere under the action of
electromagnetic fields.

Therefore plasma radian frequency for electrons in ionosphere environment for electrons is

given as

NeeZ
W, = |-%=% (11)

goMe

Where plasma frequency of ionosphere environs

W, = 2xf. (12)
Cyclotron frequency of ionosphere atmosphere environs
= b :
fe= M, 21 (13)

Where (;—6) = Electron charge to mass ratio typically has a value of 1.76x10'' C/Kg

e

The effective dielectric constant of plasma having a collision frequency of V is given and the

()

w

V=1_1_Tiwc (144)
w

critical frequency is given as

(1) Ionosphere Reflection

For horizontal polarization

n _ cosp—yed-sinp (15)
Y cos@+ed—sinZe
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For the vertical polarization

n _ &dcosp—ed—sin?p (16)
" edcosp+/ed—sinZe

The refraction index is given as

N, 2
n=+ved = /1_501\;:1:/2 (17)

n= 1—8%=sin¢i: fo= 81 Nppax  (18)

Where i = incident angle

Hence, the maximum usage frequency is given as
fesecOi = MUF (19)

In other words, Nmay is the value that makes n equal to zeroie.n =0

2.6. Atmosphere Reflection Model for Radio Wave Propagation Signals

Elementarily, atmosphere comprises a number of gases vapour, water and water molecules
which are tightly depended on the rural and local geographical properties of the study area which
can be time, day or climatic weather condition i.e Raining season, Harmattan, dry or wet season.
Relatively, the biological vegetation such as trees, buildings also contributes to the effect of radio
signals when transmitting the signal from one point to another which increases the density of the
atmosphere. The factor may sum up to make the atmospheric pressure and density to be thicker
and bust resulting affects the communication systems signal propagation. Hence, in order to have
full understanding of path loss propagation in the GSM environment, the analysis of atmospheric
refraction must be well understood [2, 57.

For a normal condition, the atmospheric parameters such as density, pressure and so on vary
with the height giving rise to the propagation of velocity differential between the upper and the
bottom of the wave front. Considering the upper velocity to Up and the bottom velocity to be Usg,
the mathematical model for the velocity is partially given as [11]

oU _ oUp _ 9Up
at ot at (20)

It is noted that the density of the atmosphere is related to the communication signals speed,
frequency of the propagation and the wavelength of the propagation. Normally, the
electromagnetic wave propagates at the speed of light in free space as a result of the type and the
nature of material used in the atmospheric environment which thus affects the GSM parameters
such as wavelength, frequency and velocity. The equation above takes into account the
aforementioned parameters such as frequency of propagation, wavelength antenna height (mobile
and base station) and the speed of the signal propagation [7, 11, 127]. The path length of the
atmosphere is given as

Py atm = 201og(f.) + 201log(hp) + 201log(H,,)
The length atmosphere and the perception are closely related by
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4P, preparation = P, atmosphere (21)
Also, considering a closed pipe closed at one end in atmospheric model

Atmospheric model for a pipe
4L =K (22)
Where<= wavelenght in metres, L. = length of the pipe. By relating equation (22) with the
fundamental frequency of propagation as
Fo=4L =« (23)
Also, the velocity of the signal is however related with the frequency of propagation by the
equation below

Veocity = frequency X wavelength

V=F < (24)

Also, Vo = fy <o velocity = Z2=c (25)
i

L= /</4 = :0 (26)

By taking the partial derivative of equation (26) with respect to time, it gives

w _ o< o

Pl ¥+,< o (27)
Where <'= “0/,, f' =10/, (25)
v _ 1[0« Of
9t 4 [f at T 6t] (29)

Equation (29) is known as speed of propagation for atmospheric environment.
The path length associated with the participation in the atmosphere is given as
4P, ppt = P, atmosphere

_ PL atmosphere
l:)L ppt — 4

_ 201ogso("/ ) +2010g10(p)+2010g10(tm)
4

P ppt P, ppt =5 log,o(f) + 5logyo(hg) +5log o(hp)
2.7. ITU Model and Crane Model

The models used to determine the rain rates in a certain area or region are basically two,
namely the ITU and Crane model. The two models have the same background but differ in the
formula but however share the same regression coefficient.

(a) ITU Model: this is the type of model used in determine the rain rate of a particular region.
It is based on equation which covers all the regions. The first step is to determine the 99.9
fade depth and that is given by

(b) Attengo, = kRR*.d.7 (85)

Availability for 99.9%

Where RR is actually the 99.9% rain rate for the region

kKRR is the specific attenuation and that is dB/Km
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d is the link distance (km)
7 is the distance factor given similar to refractive index

_1
1+ (%)

do = effective path length = 85e0015RR

r= (36)

K and a are giving in two I'TU publications.
K =0.324, a = 0.95 and 95Km/hr = RR for Lagos environs.
(b) Crane Model

It is divided in segments and the segments are based on distance and rain rate.

0<d<8(RR)km

kRR%(eY%-1).dB

Atten = kRR“

Z

Where §(RR) = function of rain rate
6 =3.8-0.16 In (RR)km

Y =

[PE=LED) 40,26 — 0.03 In(RR) (27)

S8(RR)
Z = .(0.026 — 0.03 In(RR)) (39)
3. DATA COLLECTION

Table-1. Outage values of Environment 1

(87)

YS8(RR) _ zd_,z.8
(e : 1) + (e e )e0-83—°-17 I(RR) §(RR) < d < 2.25km

Table-2. Outage values of Environment 2

Environment 2

Environment 1
Fisld Measurement

Field Measurement ITU MODEL

{13GHz)
{13GHz)
Outaze TU
Outage 1TU Outage 1TU Rain
. Rain L Ra3in {minfyear} Region
{minfy=ar} region {minfyear} Region
o.013 N
o.01 N 0012 N
o.016 a
o.012 a o.01a a
oc.0a: ]
o.07 P o.11 =
(15chz) {15GHz)
Outage 1Tu Cutage ITU Outage U
Rain Rain infye S
[minfyear} Region {minfyear} Region {minfyear} Region
o011 N 0.013 N oo ~
o.oas a
©.013 a o.01a (=1
.34 ]
28.13 e 32.14 = ==
{(23GHz)
(23GHz) [(23chz)
Outaze 1ITU Outaze 1TU Outage TU
Rain Rain Rain

{minfyear} Region {minfyear} Region {minfysar} Rregion

0.0 N 0.018 N ©0.0120 ™~
0.01a a 0.019 f=13 ©.0210 k=13
29.87 B 37.67 =3 sa.s0 P
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ITU MODEL
{(13GHz)
Sutaze Tu

Rain
{minfyear} Region

0017 N
c.o13 a
©.0az P

{15chz)

Outazs TU
Rain

{minfyear} Region

0.017 ™
o.0cas aQ
27.7s P
Cutaze 1TU
Rain

{minfyear) Region

0.012 N
0.025 =1
35.20 L4
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Table-38. Outage values of Environment 3

Ervironment =

Field Measurement TUMODEL

(13Grz} (13Graz}
Sutase o cutase o
=ain =3
{minsyear}) resion {min/year) rezion
c.cz0= ~ c.cz0s ™~
c.020= < ©c.020a <
c.ox2s = c.o122 =
{zschz)
{zscrz)
Sutass= o Sutass= o
main main
{minsyear} Resion (minsyear} Region
©c.or0az ™~ ©c.0207 ~
©c.ocios2 < c.ozo= <
2a.7s = so.=c =
(23crzy
{(z3cnz)
Sutaze o Sutase o
s =ain

==
{minsyear} Rresion {minfyear} =mesion

c.oz222 ~ c.oz29 ~
o011 =3 ©o.cx108 =3
sa =27 = aoc.7s =

Table-5. Outage values of Environment 5

Environment S

Fisid Measurement ITU MODEL

(r3crz) (z3Grz)
outase T outaze Tu
main Rain
{minsyear) reszion {minfyear}) RrResion
oc.oz2z20 ~ oc.oz1s ~
oc.ox2s a ©c.o157 < 1
oc.os3a = oc.os29 =
{1schz)

{(zscrz)
cutaze o cutase To

Rain Rain
{mins/y=ar} megion {minsysar} Region

oc.oz71 ~ c.ozso e

oc.ozs7 E-% o.ozss (=%

ss.as = 37 ao =

(2scrz}

{(z3=hz)

cutaze T Cutaze o
=ain =ain

{min/ye=ar} Region {minfyear} Region

oc.os22 ~ oc.os2s ra

o.osso a oc.oss57 <

=12 24 = ss.sa =

Table-7. Outage values of Environment 7

Environment 1

Environment 7

Fisld mMeasurement TU MODEL

(13crz) (3o
Outaze Tu Sutaze Tu
Rain Rain
{min/year} Resgion {minfyear} Resgion

c.o13a ™~ c.o137 ™~
©c.0oxaz a ©c.oxas e
c.oiss = c.o1s0 =
{1scnz)
{1scHz)
outass Tu outase Tu
=ain ==

{mins/year) resion (minfyear) rezion

R r oc.ois2 r
oc.o191 < c.ci19a =
2s. 37 = so.32 =
(23crz)
{(23chz)
Sutage T Sutage T
Rain

oc.o172 oc.ox17a

oc.o191

{min/year) Region
~
a o.oiss
=

{minfyear) resion
re
E=3
=

ao.7a as.z7
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Table-4. Outage values of Environment 4

Environmenta

Fisic rMeasurement

TUMoDEL

(3o (3=
outaze o Sutaze o

main main

{minsfyear} resion (minsyear) rezion

ocoi7z ~ ooivo ~

B < c.oxrz <

c.o1sr - c.oisa -

(1scnz

1Sz}

Sutaze o Sutaze o
main main

{minfyear} Resion {minfyear) mezion

o.o1as ~ o.c1a0 ~

ooiss < c.oxs=2 <

zs.so - zs.ss -

(zscr=)

(z3cn)

Sutaze o Sutaze o
Rain main

{minfyear} resion (minsyear) mezion

oc.oisa ~ ocois: ~

coz:is < c.oz1z <

az. so = as. »s =

Table-6. Outage values of Environment

Environment s

6

Fisld Measurement

{13crz)

1TU MODEL

{13crz)

Sutaze Tu

Sutass Tu

main Rain

{min/y=ar} Region

{minsyear} region

c.ox13a3 ™~ c.oi3s ™~

c.oxz72 < c.ozi=zs =

c.oxss = c.oxs7 =
{(1sehz)

{1scrz)

Sutase U Sutaze

Ra
{minsyear} region {minsyear}

©o.01az3 e o.cazs r
o.01a91 =3 o.cas7 ES1
28.23 > =a.ss =
{(zssHz)
{(zz=hz}
Sutase Tu Sutases To
Rain "ain

{minsyear) Rezion

{minfyear} region

©o.o132 ~ o.ozaz ra
o.o1ss £ o.o1s52 =3
31 .80 = =7 sa =

Table-8. Specific attenuation values

Environment 1

Fisic Measurement ITUMOoDEL

of

(23cr=) 23cre)
Specific Specific o
Attenuvation(as) Attenvation(ds} Rain
Region
aosEszr re assEs17 ~
as7E+2T a asasszr o
1 soE+is e 1 sses1s =
{isenz) (1scHz)
Specific Specific o
Artenuvation(ds) Attenuation{dB} Rain
Region
2 sss1s N 2. ssE+is ~
2. sz2es18 <« z.s1e+18 a
1 ssE+1s e 1.sss+13 =
(23crz) 23chz)
Specific S pecific T
Attenuation(as) Attenvation(ds)  main
Region
2.00E+37 ~ 1.99e+27 ~
1. e7E+1T a 1. o85+27 a
s.ssesxs e s.szes1s =
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Table-9. Specific attenuation values of Environment 2

Environment 2

Field Measurement ITU MODEL
{13GHz) {13GHz)
Specific 1Tu Specific 1Tu
Attenuation|[dB) R3in Attenuation|[ds) Ra3in
Region Region
3.B7E+15 ™~ 3.B5E+15 ™
3.77E+15 aQ 3.67E+15 Q
2.6BE+13 P 2.64E+13 14
{15Ghz) {1s5GHz)
Specific 1T Specific 1TU
Attenuation|{ds)} Rain Attenuation|{ds) Ra3in
Region Region
2.70E+10 ™ 2.69E+10 N
2.65E+10 a 2.63E+10 Q
1.45E+12 P 1.42E+12 P
{23GHz) {23chz)
Specific 1Tu Specific ITu
Attenuation{dB) Rain Attenuation{dB) Rain
Region Region
2.24E+16 ~n 2.10E+16 ™
1.89E+16 Q 1.97E+16 Q
4.80E+12 P 4.SBE+12 P

Table-11. Specific attenuation values of Environment 4

Environment 5

Environment4

Field Measurement ITUMODEL
{13GHz) {13GHz)
Specific 1TU Specific 1TuU
Attenuation[dB) R3in Attenuation[ds)} Ra3in
Region Region
7.07E+16 N 7.O4E+13 N
7.03E+16 a 7.O1E+13 a
3.95E+10 P 3.B7E+10 P
{1s5Ghz) {1sGHz)
Specific 1TU Specific 1TU
Attenuation|{ds) Rain Attenuation|[dB} Rain
Region Region
4.75E+18 N 4. F1E+1B N
4. 71iE+1B a 4 .69E+18B k=1
3.8B9E+15 P 3.BS5E+15 P
(23GHz) {23Ghz)
Specific 1TU Specific 1TU
Attenustion|[dB) Rain Attenuation|dB) Rain
Region Region
4.52E+16 N 4 4BE+1S N
4 .01E+1S f=3 3.97E+16 Q
6.75E+14a P S6.75E+14 P
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Table-10. Specific attenuation values of Environment

Environment 3

Field Measurement

{(13GHz)
s
Attenuation{ds)
S5.56E+13
5.54E+13 Q

3.73E+11

{15Ghz)
s
Attenuation|ds)
4. 1T7E+1D
4.01E+13

3.97E+17

{(23GHz)
Specific
Attenuation|ds)
2.97E+13
2.05E+13

7.S52E+11

1Tu
Rain
Region

ITUMODEL
{13GHz)
Specific Tu
Attenuation{dB} Rain
Region
5.54E+20 N

5.37E+20 Q

1TU
Rain
Region

N

a

1TU
Rain
Region

3.74E+17 =
(15GHz)
Specific 1Tu
Attenuation|{ds) Rain
Region
4.02E+19 N
3.99E+19 Q
3.8B5E+17 P
{23Ghz)
Specific ITu
Attenuation|ds) rRain
Region
2.95E+13 N
2.01E+13 a
7.S0E+11 P

Table-12. Specific attenuation values of

Fisld Measure
{13GHz)
Specific
Attenuation|[dB)
6.45E+16
S.43E+16 a

3.71E+13

{1s5Ghz)
Specific
Attenuation|{dB)
S5.74E+14a
S.70E+143

2.BBE+11

(23GHz)
Specific
Attenuation|dB)
4.75E+16
4.46E+16

5.42E+12

Environment S

ment

1TU
Rain
Region

1ITU
Rain
Region

Tu
Rain
Region

ITUMODEL

{13GHz)
Specific 1Tu
Attenuation{ds)} Rain
Region
S.40E+16 N
S.00E+16 (=1
3.70E+13 P
{15GHz)
Specific 1TU
Attenuation|[dB) Rain
Region
S5.73E+14 N
5.6BE+143 a
2.B4E+11 4
{23Ghz)
Specific 1TU
Attenuation|[dB) Rain
Region
4. 73E+16 N
4.43E+16 a
S5.40E+12 P
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Table-13. Specific attenuation values of Environment 6 Table-14. Specific attenuation values of

Environment 7

Environment 7

Environment &

Field Measurement

Field Measurement ITU MODEL ITUMODEL
{13GHz) {13GHz) (13GHz) {13GHz)
Specific 1TuU Specific 1ITu oanage ":;"l’n Chiage 'R.';"l"n
Attenuation{ds) Rain Attenuation[dB)} Rain - = - =
Rezion Ao {minfyear} Region {min/year} Region
4. 12E+1S N 4.10E+15S N oo e L 3
0.01a2 a 0.0148 =1
4.02E+15S a 4.07E+15 a
0.0158 e 0.0160 e
2.B9E+11 P 2.B5E+11 P
{1s5chz)
{15Ghz) {15GHz) {15GHz)
Specific 1Tu Specific 1Tu outage 1TU Outage 1TU
Attenuation|[ds) Rain Attenuation{ds} R3in v Rain " Rain
Region Region (minfyear} Rregion [minfyear} region
2.56E+12 N 2.52E+12 N 0.0174 N 0.0181 N
2.04E+12 Qa 2.01E+12 a ©.0151 < ©.0124 <
1.07E+2 P 1.03E+2 e N - S =
{23GHz)
(23GHz) {23Ghz) (23chz)
Specific; T Speaiic’ IO Outage TU Outage U
Attenuation{dB) Rain Attenuation|ds) Rain Rain Rain
Region Region {minfyear} Rregion {minfyear} Rregion
3.67E+15 N 3.61E+15 N 0.0172 N o0.0174 N
3.05E+15 a 3.01E+15 Q o.0191 a o.0155 a
F.6TE+S P 7.S3E+2 P a0.7a P a8.17 P

3.1. Analysis and Discussion of Data (Harmattan)

The method used in analyzing the data was the Matlab computer program. The method
shows signal attenuation at different frequencies and I'T'U regions. During the harmattan season,
in the N and Q regions there was more signal attenuation compared to the P region at different

frequency.

Figure-5. Graph Of Outage Of Environment 1,2, and 3 at 13ghz Figure-16. Graph Of Specific Attenuation Of Environment 4,5,6,and 7 at

23GHz
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This analysis can be observed in both the I'TU model and the field measurement. Also in the
harmattan season, it can be observed that there will be higher signal attenuation when

transmitting at a lower frequency in the n and q regions compared to the p region.

Figure-6. Graph Of Outage Of Environment 4,5,6,and 7 at 13GHz Figure-7. Graph Of Outage Of Environment 1,2,and 3 at 15GHz
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Figure-8. Graph Of Outage Of Environment 4,5,6,and 7 at 15Ghz Figure-9. Graph Of Outage Of Environment 1,2,and 3 at 23GHz
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Figure-10. Graph Of Outage Of Environment 4,5,6,at 7 at 28GHz
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Figure-12. Graph Of Specific Attenuation Of Environment4,5,6,and 7 at 13GHz

15Ghz
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3.2. Analysis and Discussion of Data (Rain)

Figure-11. Graph Of Specific Attenuation Of Environment 1,2,3 at 13GHz
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Figure-13. Graph Of Specific Attenuation Of Environment 1,2,3 at
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In the raining season, from the analysis above there was more signal unavailability (outage)

in the P region compared to the N and Q. As observed above, transmitting at a higher frequency

will surely cause higher unavailability of signals in the P region compared to N and Q. Although,

the graphs follow a linear pattern for each of the environments considered , however, the amount

of signal unavailability differs from one region to another as well as from one environment to

another as depicted in the various graphs shown below for different values of propagating

frequency.
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Figure-14. Graph Of Specific Attenuation Of Environment 4,5,6,and 7 at 15GHz Figure-15. Graph Of Specific Attenuation Of Environment 1,2, at 23GHz
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4. CONCLUSION

The outage and specific attenuation graphs above explain the relationship that exists
between the specific attenuation of the signal, outage, frequency and the various I'TU regions.
This research study therefore shows that climate affects signal propagation depending on
climatic parameters (rain and harmattan), frequency of transmission and ITU regions of

propagation (which explains the size of rain and harmattan intensity) in Nigeria.
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