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REDUCED-TO-SEA-LEVEL REFRACTIVITY IN MINNA, CENTRAL NIGERIA
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The field strength of Fad0 signals al VHE .nd
higher frequency bands generally vary in i
roposphere due 10 vananons in the refracy. y
candiltons of the arr, which in turn depend on
vanations in lemperatyre. pressure and Wolesr
vapour  pressure.  These vanalions  shaw
chmalic, seasonal ang dwurnal Irengs. |n trop: -3
continenlal climatc region (5°-20° lAattuge) N
much higher during the rainy season (10
during the dry season and has annual range of
about 70-110 N-unils (Ajayr. 1967 Kolawnle
and Owonubi, 1982). Refractivity vanations e
moreé pronounced in tropical chimates -ng
diurnal vanations have been observed on VHF
paths in tropical countnes |ike Nigena, Gh:na
and Kuwail (Owolabi and Wiliams, 1970
Oyedum and Gambo, 1994 ). Surface refractivity
1s also known 1o generally correlate well with the
parameler dN representing the refractivity
gradent in the first one kilometer of heiaht
above the Earth's surface (Hall, 1979), as well
as in Nigeria (Adebanjo, 1977; Kolawole, 1981)
More recenlly Falodun and Ajewole (2006) haye
reported  considerable diumal vanalions of
refractive modulus al 100 m alntude in Nigeria
Reduced-lo-sea level refractivity N is given 1,
(Bean and Dutlon, 1968)
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and Waintrayh 19979

N= 77 6/T) (P+4810a/T) 121
Whera T-= "ﬂr"pf-f-nﬂl-'? K] P=
surface ar pressgra thPaj and e= water vapour
partal preasure (hPa) The water vapour partial
prassura s given by (Hall 10749,
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Acquisition of Atmospheric Data

The data used for this Study were collactan with
Davis instrument (Wireless Vantage ProZ Plys)
altached 1o a mas! of the Migenan Telayisian
Authority in Minna (09°37'N° 06°52°E ) The
slaticn elevation is aboul 249 m above sea
level The equipmen| has an Integrated Sensor
Suite  (ISS)  which measures  various
almosphenc paramelers such as lemperature,
pressure, relative humidity. dew paint, elc and
logs the values in a consale kepl within the NTA
premises.  The data is transmitted every 20
minules from the ISS wireless Iransmittar 1o the
radio frequency recewer altached to the
console. Data logged in the consgle are
downloaded inlo the computer routinely for
analysis. Two Davis instruments are mounled
on the NTA mas! at surace level and at 1 m
level, bul only dalz from surface isvel 1S used far
this report which covers the peEnod  January
2008 1o December 2009
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Dala Analysis and Results

Equations 1, 2 angd 3 were used lo compute
tho followlnq Parametors:

* Mean hourly values of N,
Mean monthly values of N,

*  Mean monthly ranges of N,
Aszpects of |he analysis were extended o the
seL of‘.f-inmllﬁr dala oblained at Nsukka (08"56'N,
07°23'E) in the soulheastern part of Nigenia lor

comparison as well as 19 highiight the climatic
tendency i

-

Results
Diurnal Trend
The mean hourly v

alues of reduced-to-s a-level
refractivity N, sho "

W3 a significant diurnal trend
during dry season Peak valves occur in tho

nghl around 1011 pm  gng lhereafler
decreases lowards dawn, reaching minimum
values after mid-day around 1-2 pm  This trend
ol mid-day minimum and midnight peak may be

altributed lo high sensilivily of refraclivity to
waler vapour parhal

L

Natizral and Apphied Sciances fournal Val. 11 o 2
Availatie online st www saasjournal-ng &r)

surface-based waler vapour to be heated,
oxpand and nse lo higher altitudes thereby
decreasing the surface moisture. The hourly N,
profile  for the month of January ~._~lw;||
represents a typical dry season month in Nigeria
15 shown 1n Figure 1. Maximum value of N, |3
about 309 N/km while the minimum is about 305
N/km. A similar diurnal lrend I3 observed in
Minna in September 2008 (Figure 2) and In
September 2009 (Figure 3) as well as n
September 2006 in Nsukka (Figure 4)
However, the N, values are higher in wel
season, with minimum values between 373 and
174 while maximum values are between 376
and 378 in 2008, while in 2009 minimum and
maximum values are respeclively greater (han
186 and 192 The higher wat season N, values
resull from the generally higher moisture levels
nrevailing dunng the season. Figure 2 and
Figure 3 show N, values in Minna for the month
of Seplember which Is a lypical rainy season
monlth in Nigeria Values for Nsukka are .

( - ~ bressure  |ncreased considerably higher than lhose of Minna, which
surac? moislure al night is due 1o lack of reflects he climalic dilférence, as greater
Insolation arjd radialive cooling of the surface, surface  moislure  prevalls at  Nsukka.
while insolalion in daytime causes some of lhe
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Fig. 1: Two-Year Mean Diurnal N, in Minna for a Typical Dry Season Month
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Fig. 3: Annual Mean Diurnal Ny in Minna for 3 Typical Wel Seasan Month
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Two-Year Mean Diurnat Ny Maina for a Typical Wet Sesson 1o,

Seasondl Trend ang Variabliity of N,,

{ i i 3 = ~eul yarante
VONRY 2Nerages of N, were 230 nvestgated 1o explare the seasonal trend ang seasuns! yaranity

' e g 1
The esut shows A Clear s2asonal lrend with higher N, values in wel season gnd ower vz s _W:
esscrt Fig € Macemem values are slightly mgher than a0 N-ciits duting the wil seasc? 270

RPN DWRF i The Jry season. while the minimun: values (all below 3G0 N.units gunng e sew
ViEam N saiLes are tetween 300 and 400 N-units.
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sSen Varia
sggign nim[_,b“"f; oI N, o curs in dry required 1o obtain desiresd long-lerm rasulls The
uousrl“; ‘variab"“v cone OERUS in ) seasonal trend is also clear as wall 3 (he
maximy Imy ANnua| ur: o monih of chmatic tendency which is discernible from
with 73'“ nnual range of 4 L:ge of 38 ang higher N, values obscerved for Nsukka in
r’eporled‘ 0 for Tropica) C;r? 'N agreemqr| southeastern Nigeria, compared to
seasonal jayi (1997, Minental Afyye corresponding lower values in Minna in north.
mi r-atpa end due 15 € Observeg Central Nigeria. The observed diumal and
'1Tgl'.) 'on of the ter Tro.p,caie Yearly p.g S€asonal varialions of surface refractivity have
(UTD). The norh OvVemen S continuity 'mportant implications on radio propagation
pressure bel bﬁf}gs Moisture { of the 1oy, Terrestrial relay links al VHF and higher
Ocean 1o the hinteriang reachrq?,m the Aularic frequency bands which abound In Nigera may
around  Septempey When e 00Ul 25N e Particularly affected (Owolabi and Williams.
ovement alsg e Svward ., 19701 Opedur and Gambo, 1994)
migration brings ™ cdld Soulhyvard

in January

o - Ower
troposphere in line witn the N migration of |he
ITD.

Conclusion

Preliminary  resulls based

seasonal tendency. Although a clear
diumal trend of No has appeare
preliminary resulls, a more reliable
Season is yel to emerge due o clin
effects. and additional

dry season
d from the
rend in wel
12te chanue
dala acquisition -«
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