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{bstract

mpheric radio fvi .
Tropey refractivity o Sirface and |00 pm levels is imvestigated from in-situ measurement of

atmospheeic precare, lemperature and relative humidity made in Minno (" 17N, & M"'F), Nertk

¢ Nigers i
ventrul Nigeria. Daily measuremeny of the otmospheric variobles was made ot 10 minutes interval. The

inctrument tised is the Vanrage PRO |} Automatic Weather Station and the data uced was for @ peciod
of 12 meonths (January 10 Decomber 2008). The results obtained show that the volues of refractive

index a1 bath levels were high in the morning and late evening/night hours while the values were low

during the afternoon hours. Alcn, statistical analysis of radio refractive index gradients was carried out

and the Cumulative frequency distribution shows that the atmosphere over Minna was sub refractive

of the time with nositive gradients appearing occasionally, super refractive for about
40% of the ime while narmal refraction occurred for only 0% of the time,

Key words Radio refractivity; refracuvity gradient

1. Introduction

Radwo energyv al frequencies above 30 MHz 1s not normally reflected by the ionosphere,
therefore vanabihty in the charactenstics of the received fields 1s attnbuted 10 vanations in the
radio relractive index of the lower atmosphere (Bean and Dunion. 1968). A study of the extent or
manner of vanaton of the refractive index with changes m height has a marked influence on
radic waves at the VHF, UHF and mucrowave bands. These atmospheric refractive index

vanzhions ate duc to changes in temperature, pressure and humidity (Afullo e. al., 1998).
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adio refractivity of air is ; _
The 1 an 1mportant pParamelter 1o be considered in the propagation ot

-+ waves through th .
jadio wave gh the atmosphere. Rcfraclwi[y Bradient shavistics firihe [owest, 100 fom

«uriace of the Ean '
the surle® W ors: e o estimate the probability of occurrence of ducling and

multpo!® spneions (MR af ulo o0y ITU-R, 2003). For an atmosphere which is

ress " ‘ . ,
pressure and temperature decrease with height. Changes in the

. O | -
diclectric constant are thus gradual. The effect of his is that a propagating radio wave is bent

honzontnlly homogencous,

. g lissi ) _
Fmdunll) from the less dense medium (greater altitude), to the more dense medium (lower

atiude). bvetleet, fhe euy et ig st ovey the horizon, and tends to follow the curvature of the
carth (Isaakidis and Xcnos, 2004).

A number of studies on surfacc refractivity in Africa have been ecarricd out. Owolabi and

williams (1970) computed surface refractivity values for Nigeria and Southern Cameroons using

o years meteorological data from 30 stations. They observed that surface refractivity values
pased on long term meteorological data can be used to reliably predict diurnal and seasonal
charactenistics of radio signals. Kolawole and Owonubi (1982) also computed the values of
surface refractivity for Africa using mcteorological data for 202 stations from 1978 to 1979.
They reduced surface values 1o sea level values, N, in order to remove the dependence on
elevation. Several other studies have also shown refractivity vanations to be more pronounced in
the tropical climate than temperate climate and the existence of a good correlation between
monthly means of surface refractivity, N5, and monthly means of refractivity decrease in the first
kilometer above ground, AN (Mitra ef al., 1987; Aro and Willoughby, 1992; Willoughby e al,
2001).

- 3 Refractivity theory
The atmosphenic radio refractive index, n, can be computed by the following formula:

n=1+Nx10"° (1)

where N 1s radio refractivity expressed by:

43&00) @)

. ) _ "7y
N=Ngy + Ny = _T'_ (P <+ =
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with the ‘dry term’ of radio refractivity given by:

Niy=7162
- : (3)
and the ‘wet lerm® by:
Nt = 3 5K
v =373 % 10" 2 )
where:
P = atmospheric pressure (hPa)
¢ = waler vapour pressure (hPa)
T = absolute temperature (K)
(ITU-R, 1999)
The vapour pressure, ¢ is given by:
Hx
e=—21
. (5)

where H is the relative humidity and e, is the saturated vapour pressure.

eg is calculated from:

e, =6.11 exp [(19.71)/ (14 273)] (6)

where t is the temperature in °C (Hall, 1979)
|

2.1  Refractivity gradient

.

The vertical gradient of radio refractivity in the lowest layer of the atmosphere is an important

parameter for the estimation of path clearance and propagation eflects such as ducting, surface
reflection and multipath on terresinal line-of-sight links (ITU-R, 1999). The change in radio |

refractivity, AN, 15 calculated from (ITU-R, 2003):

AN =Ns-N, N
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where Na 1s the surface relrachivity and
and Nyas the et
118 the tadio refractivity ot a height of | km above the

surlace ol the Earth. A normal o «
" standard atmospheric refraction is one with median value of ¥

-asmg al the rate of - .
iR = s =40 N-units/km, 1.e dN/dh = -4() N-units/km. Sometimes ab I
- . 8 imes abnorma

condinons oceur which result
- n .
anomalous propagation defined as super relraction, sub

refraction and ducting,

Super refraction 1s a situation in whi
P ation i which the vertical distributions of temperature, humidity and

Zressure cause radio waves to be:
J f 0 bend more toward the earth than under normal conditions, i.e

when -157 N-units/km < dV/dh < <40 N units/kan

Sub-refractive conditio i '
>fr ns cause radio waves to be refracted less than normal and therefore

upward and away from the carth’s surface, i.c. when dV/dh > -40 N-units/ks
= N-units/Km.

Trapping or ducting occ .
PPIng g occurs when metcorological conditions are such that the vertical gradient is

less than =157 N-units/km, i.¢. if dV/dh < -157 N-units/km

3 Data acquisition

The data used for this work were obtained using the Davis Wireless Vantage Pro 2 Plus. The
instrument was attached 1o a mast of the Nigerian Television Authority (N.T.A) situated in
Maitunbi area of Minna, Niger State. The cquipment set-up consists of the nteerated sensor suit.
(I1SS) which houses the sensors, the sensor interface module (SIM), the console and the computer
through which the stored data are downloaded. These sensors measure atnosphenc vanables ol

pressure, lemperature, relative humidity, UV index, solar radiation among others. Recordings

were made at 30minutes interval and the data are stored in a data logger attached to the console

The instruments are positioned near the ground level and at 100 m level. The analyzed dala were

for a period of 12 months from January 2008 to December 2008.

4. Results and Discussion
urement of the meteorological paramelers covers both climatic seasons (the dry

The in-sitir Meas
and wel seasons) OCCUFTINg 10 Minna. The dry season period commences from November to

March while the wet season period is usually from April 1o October every year.

-

.

e ———
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E—l.l Divrnal varviation of surlace refractivity

-
) ~ Ny < 5 e Tyt - |
_' The mean hourly values ol refractivity at both levels (surlace and 100 m) for a typical dry season

,?mnmh are shown in Fig.1. Peak values of 282 V-Units lor ground level and 281 N-Units for 100
s m oceur i the midnight and thereafter begin (o decrease until a minimum valie of 279 N-Unnits
lor ground at 1000hours (10am) and 278 N-Units for 100 m al 1300hrs (Ipm) is reached.
- Relractivity values begin to increase again towards the evening and midnight hours. The mid-day
{
minimum may be attributed 1o the combined effect of high temperatures and low humidity that
- reduces the moisture content of the atmosphere during this period of the year while the midnight
- peakis as a result ol inereased surface moisture at night. In comparison with a typical wet season
month. usine \ueust (Fig. 2) as an example, it is observed that there is relatively little change in
- N from morning Gl altemoon hours. Also, refractivity values are higher with average value of

| 368 N-units/hm lor surlace level while the average values for 100 m level oscillate between 362

N-units and 364 N-units. This pattern is exhibited in most of the remaining wet scason months

; Diurnal variation of refractivity for a typical dry
| season month

283
282
281
280 -
279
278
277 - - ==

—a— N @ Grnd
=== N @ 100m

Refractivity (N-units)

275 |
s 7 9 11 13 15 17 19 U 23 |

Time (Hrs)

4 . FY 4! L > v ason N lllh
; ‘ \1 C l lln'l‘ll I l | \ m n\h o l\] l\.JI df_\ <
Il'_' Medan at NI 1non o nna rd ) 1~0n i}




K C lewe. OD, Oyeduy,

A l‘zuu\\'nm. 10 Tichic ynd

AS Mosey

23p

=—N@ Grnd
“E—-N®@ 100m

Refractivity (N-Units)

—

—_—
T —

T ———
1 3 5 7 9 1

13 15

17 19 is
Time (Mrs)

——

Fig. 2. Mean diumal vanation of

Nin Minna oy meal wet Season Month

4.2 Seasonal variation of refractivity

The seasonal variation of surl

ace relvactivity for year 2008 is presented in Fig. 3
figure, 1t is observed that the dry season months cxhibit low refractiv
average ol 281 N-units in Febrary lo about 314

. From the
ity values ranging from an
N-units in March and November for ground
-units in February to abowt 315 N-units in March for

cl. For the wet season months, higher refractivity values are recorded with values
ranging between 339 Nanits in April to about 367

level while values ranged between 279 N
100 m lev

N-units in August for ground level while
values ranged between 337 N-units in April to about 36K N-

units in September for 100 m level.

The low values recorded in the dry season months are characteristic ol the West Affican region
when the dry dust-laden nonh-casterly wind blown from the Sahara desert s prevalent dunng
this peniod - Conversely, the high values recorded for the rny seson are due W high
precipitation: brought about by the south-westerly, tropical air mass on 1o the sub-contiment

. : . investigate the eflect of climate change on refractivity
during the period. Also, in order 1o investigate the effect of climate chang o
variation over the past years in Minna, surface meteorological parameters were extracted fron

radiosonde data and used to caleulate refractivity. The result shows that average refractinaty
L3 . . *
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values for all the months (except December) of 1983 were higher than those of 2008, obviously

because of increased solar insolation as a result of global warming, thereby making the

atmosphere over Minna less saturated with water vapour molecules (Fig.4).

Seasonal variation of surface refractivity (2008)
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Fig. 3. Seasonal vanation of surface refrctivity over Minna (2008)
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Seasonal variation of surface refractivity (1983)
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Fig. 4. Seasonal variation of surface refractivity over Minna (1983)

4.3  Variation of refractivity gradients

Refractivity gradients at 100 m were determined from the calculated values of refractivities at
both levels. The result obtained for the average monthly records is presented in Fig. 5. It 1s
observed that sub refractive condition is prevalent during the dry season months including April.
Values ranged from -17 N-units/km in January to 4 N-units/kin in March while the atmosphere is
super-refractive during the wet season with values ranging from -59 N-units/km in May to -52
nth of Seplember was sub refractive because of abnormal

N-units’km in October. The mo

atmospheric conditions such as temperature inversion in some days of the month (Table 2). The

1able clearly shows that temperature increases with increasing height. There was no occurrence

ol ducting.




Mensimenment of Radio e,
TNV e ides e
WLt L0 gy layer aver Minna " el

Notth Central Nigerda

b Coamulntive Irequency disteibution of Rradienty

Relimetivity grdie e enle
prvdients were cnteponzed nt intervals ol 10 N-tinnts/km 1y otder to de

eenime they
Ehis i ilistrated i Fig 6. 1w

Nequency o oeenrence.

| ns observed that sulb telvachon ocenpyed
s Ve ' :
tor abont 0% of (he time witly positiv

© Rrndients nppearing occasionally, 10%
normal relinetion while the

b ol the time wis

atmosphere wan super refractive for nbout 40% of the time.

Ivity gr

Varlation of refract adlents

)

Refractivicty gradients (
5

JAN  TLD MAIL. AP MAY JUN  JUL AUG SIP OCT NOV DEC
Months

1. 8 Semsonal vanation of refractivity gradients
YR

Cumulative frequency of gradients

100%
a0,
20%
70%
GO%
H50%
A0%
JO%
20% |
10%,

0% . ; ) ; ' ‘ ' v ' ' ' ' [ | |

60 50 -A0 30 -20 <10 0 10 20 30 40 50 GO 70 BO 90 100
Rofractivity Gradlent (-dN/dh)

Occurencs

i 6 Cumulanve frequeney ol reltactivity gradients




K.C Igwe, O.D. Oyedum, 1 A Fzenwora, | O Fichie and AS Moses

Fable 2: Typical days of observed temperature inversion at 100m level,

740

e = ; Surface 100m
ime lem Hun T s

97112008 | 230PM | 264 | 77 Tona g T o m  Pressure
9/1/2008 | 3:00PM | 26.8 75| 9781 | 287 | 73 | 97l
9/1/2008 | 3:30PM | 271 3| 9774 | 293 69 | 9775
9/1/2008 | 4:00 PM 27.5 71| 9769 | 294 68 976.9
912008 | 430PM_| 274 | 73 | 9766 | 288 72 976.5
9/1/2008 | 5:00PM | 275 | 72 | 9762 | 286 | 72 | 9762
9/1/2008 | S:30PM | 277 | 72 [ 9760 | 29 71 976.1
9/1/2008 | 6:00 PM 27.9 72 [ 9761 | 299 68 | 9763
9/12008 | 6:30 PM 27.9 73 [ 9762 | 29.9 68 976.2
9/1/2008 | 7:00 PM 277 74 [ 9762 | 289 73 976.2
9/1/2008 | 7:30 PM 273 76 | 9763 | 278 77 976.3 |
9/1/2008 | 8:00 PM 27 | 77 9770 | 213 80 977.1 |
9/1/2008 | 830PM | 269 | 76 | 9782 | 27 80 | 9781
9/1/2008 | 9:00 PM 26.8 77 | 9785 | 269 81 | 9785
9/212008 [ 4:00AM | 229 | 93 [ 9793 | 234 92 979.3
0/2/2008 | 4:30 AM 227 94 [ 9793 | 235 93 979 3
9/2/2008 | 5:00 AM 22.6 o4 | 9794 | 234 93 979.4
9/2/2008 | 530 AM | 225 | 94 | 9796 | 234 | 92 | 9795
922008 | 6:00 AM | 226 91 | 979.6 | 233 92 | 979.6
97212008 | 6:30AM | 225 03 | 9795 | 232 | 93 | 9794
9/2/2008 | 7:00AM | 224 ' 94 | 9796 23] 93 979.5
9/2/2008 | 7:30 AM 226 | 93 | 9798 | 232 94 979.8
9/2/2008 | 8:00 AM 225 | 93 | 980.6 | 232 93 980.4
9/2/2008 | 8:30 AM 225 o4 | 9809 | 233 93 980 8
9/2/2008 | 9:00 AM 226 | 94 | 9813 234 | 93 | 9812
9/2/2008 | 9:30 AM 227 | 94 | 9816 236 92 981.6
9/2/2008 | 10:00AM | 227 | 93 | 9817 234 92 | 98171
9/2/2008 | 10:30AM 22.4 o4 | 9819 233 | 94 982
9122008 | 11:00AM 225 93 | 9815 23 | 95 | 98LG
"9/2/2008 | 11:30AM 224 o4 | 9815  23. 95 981.6
7972/2008 | 12:00PM 227 o4 | 9818 234 95 | 9819
w)/moos 12:30PM 234 93| 9815 245 20 | 9815
| 9/2/2008 | 1:.00 PM 23.8 91 0812 249 | 87 | 981.2
[9/2/2008 | 1:30PM | 246 8% | 9808 258 | 85 | 9809
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5. Conclusion

From this analysis, it has been shown that refractivity value is genenally low during the dry
season and generally high during the rainy season at both levels. Refractivity gradients were also

calculated and values for dry season months ranged from -17 N-units/km in January to 4 V-
units’km in March while the values for wet

=52 N-

season months ranged from -59 N-units/km in May to
units/km in October. The Cumulative [requency distribution of annual average gradients
shows that the atmosphere over Minna was sub refractive for about 50% of the time with positive
gradients appearing occasionally, super refractive for about 40% of the time while normal)

refraction occurred for only 10% of the time. There was no occurrence of ducting.
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