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Abstract

Estimation of radio refractivity in the lower troposphere is very important in the planning and
design of terrestrial microwave radio links for optimal performance. The objective of this work
Is to estimate statistical variation of the diurnal and seasonal surface radio refractivity in
Nigeria's coastal city of Lagos (6" 35'N, 3° 45 E). Data used for this work were obtained from
National Space Rescarch and Development Agency (NASRDA) Centre for Lower Atmospheric
Research, Anyigha, based on Campell’s weather instrument that logged data at every 5 minutes.
The surface values of water vapour pressure, air pressure and air temperature fov the years
2006-2010 were analysed- 1o obtain the diurnal and seasonal refractivity profiles, The resulls
obtained reveal that average surface refractivity in Lagos is 388 N-units. The rost prevalent
refractivity condition in this region s super-refraction and the mean refractivity gradient in the
Sirst kilometre of the tropospherce is -48 N-unitstkm. The diurnal trend shows that surface
refractivity is more pronounced in the night in the rainy season, but during the dry season it is
highest in the evening time. The result also shows that refractivity is generally higher in the wet
season than in the dry season. Optimal planning of Nigeria's terrestrial radio network cannot
be achieved without long-term surfuce refractivity data for Nigerian stations. Thus, more efforts
should be made in this respect, und to possibly match the derived refrdctlvity profiles with

actual propagation data. B
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1. Introduction
Radio ray propagated through the Egu'th‘s atmosphere is influenced by variations in the

atmospheric refractive index alony its trajectory, which causes the ray path to curve.
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Atmospheric gases will absorb and scatter the radio path and energy, the amount of absorption
and scattering being a function of frequency and altitude above sea level (Valtr and Pechac,
2005). At frequencies above 30 MHz, the 1mposph€re.has an increasing effect on radio signals '
and radio communicatjon systems. Depending on prevailing conditions, radio signals are able to .
travel over greater distances greater than obtained by line-of-sight calculations. At times '&
conditions change and radio signals may be detected over distances of 500-1000 km and more. |
Al times signals may even be trapped in an clevated or surface duct and propagate in a mode ! N ;

referr
ed to as tropospheric ducting. The radio refractive index of a medium 1s defined as the

ratio of the velocity of propagation of a radio wave in free space Lo Lhe yelocity in the medium.
At standard atmosphere conditions near the Iarth's surface, the radio refractive index, 1, has a
value of approximately 1.0003. The radio relractivity index, 7, is re{;ﬁtéd to radio refractivity by
the following formula (Freeman, 2007): i

N=(m-1)x10°¢ (N

where N is Radio Refractivity. It can also be cx;;rcsscd by:

N = (P + 4810 ) : )
< i’:; ®)
-}

where H = relative humidity (%), t = Celsius lemperature (°C), T = Absolute temperature (K)
and e = saturation vapour pressure (hPa) at the temperature t (°C)

2. Instrumentation and Data Handling

The monthly data for atmospheric pressure, relative humidity and ternper@turj_:kwcre obtained
from Nigeria Meteorological Agency in Abuja.The Nigerian Meteorological Agency (NIMET)
makes use of MIDAS 1V Automatic Weather Observing Station (AWOS) for the data collection
over the years (Aderinto and Ibukun, 2007) The daily data were obtained from the National
Space Research and Development Agency (NASRDA) -C‘cntrc for Lower Atmospheric

Research, Anyigba, based on Campell’s weather instrument that logged data every 5 minutes.
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Air pressure, relative humidity, and temperature between 2006 and 2010 for Lagos were
processed with computer. The values |« saturated water vapour, waler vapour pressurc, and
refractivity were computed usime Microw 11 excel. The monthly and diurnal surface refractivity,
field strength variability, radio horieo + distanee and reduced-to-sca-level refractivity were
determined. The variation of divrnal <1 face relractivity and related atmospheric parameters

were also presented as contour maps Meteorologists and oceanographers use a technique

called contour analysis to visually explam the information the data are providing. Contouring

data represents an elementary step in dat., analysis.

3. Results and Discussion

The inter-annual seasonal surface refiact ivity and mean monthly surface refractivity are as
shown in Figure 1 and Figure 2 respectively. It can be observed from the graphs that surface
refractivity in Lagos from the year 2006 1o the year 2010 show the influence of rainy and dry
scasons. There was sharp increase ol ihe surface refractivity from April to July and slight
decrease in August, which indicates the August break in the wet season. The Month ol January
experienced the least valucs of refractivity, except in the year 2008 and 2010 when compared to
the values in other months. In the year 2008, the lowest valuc was experienced in October, and

in 2010, the lowest value was in July.
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Figure 1: Inter-annual seasonal variation of refractivity
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Figure 2 show Vi s |
BUre 2 show that Lagos has lowest refractivity of 366 N-units in January and highest
refractivity of 39¢ N-units in March.

The average refractivity in Lagos was 388 N-units. In
January, all re

gions narth of 4°N in Nigeria,

. arc under the influence of the dry continental
tropical (¢T) air m,

ass. Conditions are generally such that little or no precipitation is experienced
and refractivity valyes ar :
Y values are low? and show marked decrease from the coast to inland areas.

Durin : g i i
g March and April, the ITD posttion would be between 10°N and 15°N or at lower

latitudes mean; i : 5
ning that the regions are now beginning to cxperience little amount of rainfall
ability in the refr

signal strength w

» ‘making varj

activity values to be higher. The implication of the result is that

ould be higher in the dry season than in the rainy season (Famoriji and
Oyeleye, 2013),

Lagos

Hefractivity (N-units)
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Figure 2: Mean Monthly variation of refractivity

The daily surface refractivity for both wet season and dry season are obtained at intervals o[ one

hour for the whole 24 hrs of the day. The dry months include November, December, January,
our 2

.. The time considered to be early moming is
- i -est are wel months. The time considere
+ - February and March, while the rest are

: is 12 2rmoon
b 00:01 to 05:59 hrs, morning is between (06:00 to 11.59 hrs, noon is 12:00 hrs, allern
etween 00: : v

39 hrs. night is 18:00 to 23:59 hrs and Mid-
ing 1s reen 18:00 to 19 39 hrs, night is 18:
12.01 to 17:59 hrs. evening is between L
night is 00:00 hr.
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Figur s .
gri::;mc:i‘-,:hf;;::‘:::ml_mmlmn of N_in rainy scason of the year. It can be inferred from the
07:00 to 12:00 hrs ol‘)lhl:ijn-dscs over time, between 1:00 1o 15:00 hrs and falls slightly from
the rest of the time, T ay. It reaches the maximum of 396 N-units at 15:00 hrs and falls for
d“rm“g the: rainy ;cao r“”.y understand the «imal behaviour of refractivity and the variation
considered with ,-efm:::l m- Lagos, the reated meteorological parameters involved were
variation of refractivit l\y in the rainy season in Figures 4 to 6. Figure 5 shows the diurnal
morning, temperature i:I vith atmospheric temperature. It can be observed that in the early
Ow as well as pressuie in Figure 6, but humidity is high as illustrated in

Figure 4; this impli
2 ’ plies th {
at the slight mcrease o nericnced at the carly hour of day is influenced

by wet term of th :
e refractivity, Be
R — Y. Betwgen 13:00 (0 20:00 hrs, the refractivity is more pronounced
i ming. this is ev
8. this is expected because the temperature as well as pressure is also

high during this period. T |
e - The driving variable tiictor at this time can be attributed to the d
of the refractivity. | g o fhe S

Rainy Season
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Figure 3: Diurnal Variation ol Surface Re(ractivity
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Figure 6: Diurnal Variation of N, and P in Rainy Season

Figure 7 shows diurnal variation of surface refractivity in Lagos during the dry season. At early
hour between 01:00 and 05:00 hrs theie

1s slight increases in refractivity, which later falls
around 05:00 to 08:00 hrs.

Fhere s steaay inerease in the afternoon but this is cut short at 17:00

hri N, later nises again and reaches its maximum value ot 392 N-units at 18:00 hrs of the day.
The minimum value of 377 N-units was cxperienced during the first hour of the day. To fully
understand the diurnal behaviour of refructivity and the lorcing factor during the dry season in
Lagos. the meteorological parameters involved were considered with refractivity in dry season
in the Figures 8 to 10. Figure 9 shows diurnal variation of refractivity with atmospheric
temperature. It can be abserved that in the early hour, temperature is low as well as pressure in
Figure 10, but humidity is high as illustrated in Figure 8. This implies that the slight increase
expericnced at carly hour is driven by wet term of the refractivity. In the afiernoon. the
temperature and pressure is high but the humidity is low. The implication ol this is that the
steady iucrcménl in relractivity between 12:00 10 17:00 hirs is influenced by the dry term of the
refractivity. In the evening hours, the pressure and temperature are low but the humidity 1s high.
The driving factor at this time can be attributed to the wet term of the relractivity. Figure 11

shows the relationship between the surface refractivity in dry season and wet scason. The result
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Figure 10: Diurnal Variation of N_and 11 in Dry
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Figure 12 shows
b W . " ;
S the incan diurnal variation of suface relr

_ activity in Lagos. In early morning
and morn : ' 5 i
INg period lcl"raclwxly 1s low, but later vises fron
A .

value of 397 _ 1 09:00 hrs until i* reaches its peak
¢ 192 N-units a1 15:00 1y and 16:00 hrs i 1he

, afternoon. The slight increase in the early
morning (0:00 10 5:00 hys)

C " . . B
ould be as a result of ncreases in water vapour at the early hours
due to the response

0{ ll i L(] : [3 bl C i

ar insolation causcs the temperature to be high
and humidity to be low during the day,

and vice versa at night. The fall in refractivity observed
at 07:00 hrs could be

associated with the decrease in the air moisture as the sun starts rising,

which neutralises the effect of the wet terin in the results at 09:00 hrs. The minimum value of
379 N-units 1s reahsed around 00:00 hr in the carlv morning while the maximum of 392 N-units
is realised in the afternoon. The maximum reliactivity during the day is connected to the
dominating factor (dry term) of the refractivity which is the driving force around this time.
Figure 13 shows the monthly variation of the clfective lsarth Radius Factor in Lagos. The
average value of the k-factor is .44, which imiplies that radio propagation condition n this
station 1s mostly super-relractive, IFigure n shows the contour of seasonal variations of N.and k-
factor in Lagos. [t can be nferred from the contour that the higher the k-factor, the higher the

surface refractivity and the lower the k-factor the lower the refractivity.
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Figure 13: Seasonal Variations of Earth Radius
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vs the contour map of k-factors versus surface refractivity. It can be inferred from

-

Figure 14 shov
the contour that the higher the k-factor, the higher the surface re fractivity and the lower the k-
factor the lower the refractivity. k-factor is one of the most essential factors in determining
obstacle clearance in the path of propagating | OS signal. Maximum an(i minimum radio
horizon distance for 100 m transmitter antenna heiehit and the scasonal variations are presented
in Figures 15. 1L can be observed that maximum rudio horizon distance is observed in March as
~30.44 km and the minimum observed in January is 29.93 km. Thus, allowance must be made for
Muctuation of about 510 m for the coverage distance of a (ransmitter of 100 m height while

designing radio hinks within Lagos.
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Lagos: Typical gcasonal Variation of Transmitter
Coverage Distance
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4. Conclusio,

Y fient points that can be deduced trom this work are as outlined below. The mean surface
refractivity for Lagos is 3% N-units and the refractivity change over the first | km s -48 N-
units/km. Surface refractivity shows m'.i-ulml' variations with high values in rainy season and
.
low values in dry season. The diurnal vaation seemns to be driven by the dry component in the
ramy season and wet component m the dry season. The average value of the k-factor is 1.44,
which mmplies that radio propagation condition in this station 1s mostly super-refractive. It 13
further revealed that the Wigher the k-Lictor, the higher the refractivity; so the better the signal

reception. An allowance of 510 m o the coverage distance of a transimitter of 100 m height
while designing terrestrial vadio links i Fagos.
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