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patio refractivity N EX2HS considerapl, ; influence
pands. In particular, surfuce rgﬁwgﬁp,g, corral, ates
o i temporal "variability is importany i,

on radio signals at VHF and higher frequency
P"m’dy with radio field strengths, and knowledge

records; especially i the light of elizate change. Surface Hs:ﬁ'acavqy values derived Jroin values of air
presseire P, fempe raware T and relative humidity B ficgsured Jor two corsecutive years (2008-2009) in

Miana (09’37, 06°32 B)\Ceatral Nigeria are statisticolly analysed to explore their diurnal and
seasoral cycles, as well as their mzzrarelﬁnamhl_ys. The results reveal thar sutface refmcttwry ard the
reloted wediher varisbles skow elear dizrral and seasonal wrends with discernible relationships, In
particular, diurnal N values have high carmhe'wra wilth dizmwl P values, while monthly averages of N
and H are also Lighly wmlared, and the Lot weaflzergenml@- experienced in the month of Apn! in

Muma may be attributed Yo a combination of high Larmidity and high lemperamre at smface leweL
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Introduction -

The reﬁachve index of the atmosphere is an important factor in pred:ctmg performanoe of
teneemgl radio links, Refractive index variations of the atmosphere affect radio frequenc:es
thove 30 MHz, although these effects become significant only at ﬁ'equenclea greater than about
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, 0.D., Brenwomh, J f fractive index N of the troposphere
jore

rad the
100 MHz especinlly in the lower atmosphere- s const gtituent molecules by Incid.,m
deviates slightly from unity due to (1) P“"ﬁmhimy nances ot ccrlain frequency bands,
clectromegoeic fild, and ) quanun mecOH! L et waves, ol
Whereas molecular polarisability is independent of frequ®® dispersive above ~50 GHZ (Bean gpq
be
d n tends 10
resonance is totally frequency dependent, an

Dutton, 1968). n of air from unity which, ; is

able figures. Thus, N is a dimensionjeg,

quantity defined as (ITU, 2003) (1)
N=(-D)x 10°

. T (K) and water vapey,
P (kiPa), temperature,
N depends on ‘meteorological factors of presore (hP ub, 1953: ITU, 2003):

pressure e (hPa), as given by the relation (Smith and Weintra
© N=T16/T (PH4810TY) )
Where T = ir temperatare ()
P=air pressm'e (hPa)
_ e=water vapour pressure (bPa)

The vapour préssure is also rélated to the relative hum:dity H (%) as {ITU 2003)

_“-"ﬁ?ﬁi"ﬂ'~. ST @)

e is the maximom (or &turate&) vapour pressure at the given air temperature t °C,-and may be
obtairied from (ITU, 2003): |

_ .(4)
Equation (2)may be expiessed in form of the dr eim and the wet térm given as (ITU, 2003):

Rayy = 77. F
T b? . (8)
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and Nrvgy = 4510;. (6)

enerally, P ; :
Generally, P and e decreage rapidly with height while T decreases slowly with height.

Horizontal variation of refractive index is generally

negligible in the lower troposphere
compared to the large-

scale vertical variation which has a median gradient of about -40 N/km
ar the surface in midlati
e € In midlatitude and most temperate regions (Bean er al, 1966). However,

significant deviations ¢ i . -
g an arise from local or mesoscale meteorological factors, especially in the

< (0 i . '
tropics (Owonubi, 1982). Decrease of n with height causes radiowaves to curve downwards, and

to a degree which depends on the vertjcal refractivity gradient. Refractive bending causes
extension of the radio horizon beyond the optical horizon. Surface radio refractivity N, is known
to have high correlation with radio field strength values (Bean and Cahoon, 1961; Hall, 1979)
while the surface refractivity gradient which depends on N; determines the refractivity condition
.~ of the atmosphere which may result in a normal, subrefractive, superrefractive or ducting layer,

each of which has important inﬂuepces on propagation of VHF, UHF and microwaves in the
atmosphere. :

Under normal atmospheric conditions, the refractive index of air decreases uniformly with

height, and the surface value N; is known to have a good positive correlation with the parameter

AN representing the refractivity gradient in the first 1 kilometre above the surface. Lane and

Bean (1963) obtained correlation coefficient of 0.70 between VHF field strength and N; and 0.71

between VHF field strength and AN. Other parameters also propbsed for predicting or

interpreting radio data include the equivalent gradient Ge (Misme, 1960), and the potential
refractive index K (Flavell and Lane 1962). while Saxton (1963) highlighted the relative merits
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of the parameters. However, Nq is commonly used because of the relative ease in ohtnim,,P (I
) the

related surface parameters of temperature, pressure and relative humidity from many Wide|
cly

separated stations. Bean and Thayer (1963) showed that clevation angle errors and range oy,
rs

can also be predicted from N, values.

Thus, good knowledge of Ny as well as (he diurnal and annual variability is particulﬂﬂy

useful in planning terrestrial radio links. Knowledge of the diurnal and seasonal profiles of the

atmospheric paramelers related fo refractivity is also useful for other applications such

Agriculture and Tourism, especially in a place like Minna which has good agricultural ang

tourism potentials. Diurnal variations tend to be more pronounced in summer, especially i

tropical areas, Earlier efforts in this regard with respect to Nigerian stations could not explore the

diurnal trend due to paucity of data. Owolabi and Williams (1970) showed that N in Minna hag

an annual range of 300-375 N-units while the seasonal trend showed that Nj rises from February

to April, is steady between April and September and decreases from October to a minimum in

February. The study by Kolawole (1980) revealed that reduced-to-sea-level surface refractivity
e coastal areas of South to about 280 in the northern
Adebanjo (1977) but slightly differs from

nce of N,. Oyedum and Gambo

N, in Nigeria varies from about 390 in th
parts of the country. This is in agreement with

Owolabi and Williams (1970) due to the elevation depende

(1994) obtained similar results and a correlation coefficient of 0.73 between N and transhorizon

VHE field strength values in Northern Nigeria; Oj/edum (2005) showed that based on Ns

variability, substantial climate-related differences exist between the seasonal variability of VHF

field strength and radio horizon distance in two Nigerian stations of Lagos (06° 35'N, 03° 20°E)

on the Atlantic coast and Kano ( 12° 03N,06° 42'E) in sub-Sahara Northern Nigeria.

37'N, 06°32'E)
¢ while

rainy

Oyedum et al (2009) showed that reduced-to-sea-level refractivity in Minna (090

has considerable diurnal and seasonal tendencies: Maximum values occur in the nigh

minimum values occur towards local evening: and a seasonal trend of higher values in

season and lower values in dry season. This seasonal trend is in agreement with other report
including more recent efforts such a8 Adeyemi (2006) or Adedeji and Ajewole
logical stations in
d in Soumern,

son

Nigerian stations,
(2008)- The cities of Lagos, Minna and Kano represent important meteoro

Nigeri

Central 2

a because they were functional radiosonde stations respectively locate

nd Northern Nigeria in line with the climatic conditions in the country (see Fig. 1)-
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Data Collection and Analysis

Davis weather instrument Vantage Pro 2 Plus was used to monitor and log atmospheric
parameters such as pressure, temperature, rele;tive humidity, dew point, etc for two consecutive
years (2008-2009). Continuous monitoring of atmospheric parameters is also informed by the
need to update past records, especially in the light of climate change. The instrument was
attached at surface level on the mast of the Nigerian Television Authority (NTA), Minna located
in an elevated part of Minna which is at about 250 metres above mean sea level. Data monitoring
was continuous, logged at 30 minutes intervals and rbutinely downloaded to a computer for
processing and analysis. Surface refractivity N was computed from equations (1) - (4) using the

" associated surface weather parameters of temperature (T), pressure (P) and relative humidity (H).

NIGER REPUBLIC .

121

10+
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i ATLANTIC OCEAN ' . :
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Longitude (E)
Fig. 1: Map of Nigeria showing Relative Positions of Lagos, Minna and Kano

C ted values of N and measured values of P, T and H were subjected to statistical analysis
omputed values

to obtain their hourly, daily and monthly averages and explore their relationships.
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Results

Results of the analyses show that the weather parameters, 8s well as the surface fefracy,
i

derived from them, exhibit clear diurnal and seasonal trends. The results are presenteq i, forn,
of

graphs of hourly, daily and monthly averages as shown below.

Diurnal Profiles

As can be seen from Fig. 2a, the profiles of surface temperature and relative humidity are Oty

phase. Hourly mean temperature peaks at 33 °C around 3-4 pm local time and humidity hag
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Figure 2a: Surface Temperature and Relative Humidity in Minna

minimum value of 47% at about the same time; also minimum temperature of 24°C oceurs
around 7am local time when maximum relative humidity peaks at 66%. Fig. 2b shows th
surface refractivity also has a clear diurnal trend which slightly lags the humidity profile.
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Daily Refractivity Profiles

ig. 3 shows t i H :
o o Cat daily refractivity profiles for January (which is a typical dry season month in
:eria) ha e
ngfr fa) S greater variability with 5 range of 63 (i.e. 279 - 342) compared to the values in July
(2 typical wet season month in Nigeria) with a range of 25 (i.e. 351 - 376) in the two years under

comldératlon (2008-2009). This trend is more strongly revealed by the seasonal profiles.
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Figure 3:Typical Mean Daily Surface Ref-a~tivity in Minna

Seasonal Profiles

b=

The mean monthly profiles of surface refractivity and relative humidity in the two years (2008
and 2009) also reveal a striking similarity as seen in Fig. 4a and 4b, although the values are
slightly higher in the year 2009. The correlation coefficient is 0.98 while the regression equation

for predicting mean monthly refractivity N from mean monthly relative humidity H is

N = 1.281H + 262.8 as shown in Fig. 4c. Peak values occur in Wet Season (May-October) while

minimum values occur in Dec-Feb.

N7/ J— —
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Surface Refractivity (N-units)
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Figure 4a: Mean Monthly Surface Refractivity in Minna
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Figure 4b:Mean Monthly Rel. Humidity in Minna
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Figure 4c:Linear Regression on Mean Monthly Surface
Refractivity and Rel. Humidity (%)

Diurnal and Monthly Surface Temperatures

Values of the hourly surface temperatures were obtained for cach month and contoured as shown
in Fig. 5 below, which further reveals interesting diurnal 2nd seasonal trends. Maximum monthly
average surface temperatures (28-35 °C) occur in Maich-April from about 10 am local time
through the night to about 4 am, and in November-December from about 10 am local time till
around midnight. Thus, night time temperatures are equally high in March-April and the hottest
period is between 12 noon and 8 pm. However, whereas high humidity values in April (see Fig.
4b) combine with high temperatures (> 28 °C) to make the month unbearably hot in Minna,
occasional spells of receding Harmattan as well as low humidity levels help to cushion the
effects of hot temperatures in March, making the month in Minna much more amenable
compared to April. Fig. 5 also shows that minimum temperatures (< 28°C) occur in the month of

August, which is generally applicable to most Nigeriail stations (Ojo, 1977; Oyedum, 1977)
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Figure 5: Mean Diurnal and Monthly Temperatures in Minna

Discussion and Conclusion

Analysis of weather parameters monitored in Minna between 2008 and 2009 shows that surface
radio refractivity and related meteorological parameters of pressure, temperature and humidity
have clear diumnal and seasonal tendencies. The out-of-phase relationship between temperature
and humidity results from the fact at surface level moisture concentration is higher at lower
temperatures at night and early morning hours, but after dawn temperature rises, increased
insolation and water vapour molecules near the surface expand and rise, thus decreasing the
surface humidity and consequently surface refractivity, with humidity variaions slightly leading

refractivity changes. High correlation between diurnal surface refractivity and b
pressure may be
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995 hPa at surface level in M‘yeml‘ 20-06): als? Nary is proportional to pressure (which as high as
‘ B 3N G 1971;’11'1&) whilc Ny is proportional to humidity and contributes morc to
) ). Observed diurnal and seasonal N variability would cause

e
corresponding field strength variations in Minna especially at VHF band.

While 'dlu”'lal trends depend more on local conditions, the observed seasonality largely manifest
th'e cln-nat-lc conditions resulting from the North-South migration of the Inter tropical
Discontinuity (ITD) across West Africa. The surface position of this low pressure Zone
represents the meteorological boundary between the rainy season on its southern side of the
boundary and the dry season on the northern side. The southem side is characterized by warm
southwesterly winds which bring moisture from the Atlantic to the hinterland; while the northern

side is characterized by cold and dry north easterlies which may sometimes be accompanied by

varying cm?centrations of dust haze from the Sahara, which worsen the moisture level and

increase the variability in dry season due to adsorption by the particulate matter (Adeyemi,

2006).
N varies considerably with changes in H.

At such high tropical temperatures prevalent in Minna,

The ITD begins its northward movement around January at about latitude 4°N following the

‘over-head sun’ and reaches its north-most position around latitude 20°N in August (Ayoade,

ountry is saturated with moisture and experiencing rainy season: thus,
ty values become less variable (Fig. 3). By October the ITD
d increasingly parts of the country (from north to south})

1983). By July the whole ¢
surface humidity and refractivi
begins the southward movement an

expefience dry season. The temperature and pressure variations are related to mesoscale and

local conditions such as topography, surface
the observed predictab

albedo, wind systems, etc which are outside the

focus of this study. However, ility of diumnal surface refractivity based on

al refractivity based on humidity, are interesting results that still need to be

pressure, or season

fine-tuned based on long-term data acquisition and analysis.
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