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Abstract: Most Radio communication networks located in coastal areas are potentially prone to anomalous propagation as 
radio signals very often experience outages and distortions, thereby causing some grave consequences on their dependant 
network supports. This is partly attributed to ducting phenomenon - a worst case of anomalous propagation in radio 
communications. In this work, AREPS is employed to characterize the tropospheric condition of Abidjan troposphere over 
which radio signals propagate. The results showed that in Abidjan, the altitude where pronounced ducting phenomenon 
occurs majorly is within the first 300m above sea level. More so, there is the presence of an increasing order of variability 
and well-formed duct layers. The mean thickness of the layer over which ducting conditions occurred is usually very small 
for near surface events and large for the upper tropospheric events. Duct occurrence tends to be less as the atmosphere 
becomes thicker and higher. Radio signals will be more and severely affected at the lower troposphere than at higher layer. 
Duct presence is throughout the year and conspicuously varied all year round. 
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INTRODUCTION 

It is a well-known fact that meteorological conditions 

affect radio waves that propagate through the 

atmosphere. The meteorological conditions are the 

theand humidity oftemperature, pressure

radiochaotically and affectvaryatmosphere that

communication signals in the atmosphere. These 

chaotic variations cause anomalous propagation (AP) 

which is the outcome of the tropospheric behaviour 

that consequentially causes variations in the 

refractive index (Žilinskas et al., 2011). In the worst 

case of AP, known as ducting, radio waves are 

trapped and may travel within duct layers just like in 

a waveguide. In extreme cases, this effect may 

extend (Bech, 1998, 2000) or shorten the horizon 

even beyond its range. 

traditionallyareof refractivityVertical gradients

used to classify meteorological AP. Ducts exist 

whenever the vertical refractivity gradient at a given 

height and location is less than –157 N/km. The 

atmospheric zone in which such refractive conditions 

exist is called a ducting layer. The presence of 

tropospheric ducts leads to various effects on the 

radio-wave propagation, such as trapping, deep slow 

multipathenhancement andfading, strong signal

aDucts provideal. 2007).fading (Isaakidis, et

mechanism for high frequencies to propagate far 

beyond their normal line-of-sight range, giving rise 

to potential interference with other services 

(Recommendation; International Telecommunication 

Union ITU-R P.453). 

Coastal areas of the world are well known to be 

“rich” in super-refractive layers and the ducts that is 

formed affect microwave propagation (Sirkova and 

Mikhalev, 2003). It has been reported in literature 

that on the Gulf Coast of West Africa, ducting 

condition occurs for about 50% of time in February 

20and onlyand November – of time for30%

December and January. Strong Subrefractive 

condition with corresponding increase transmission 

loss occurs for more than 2 % of time in this region. 

Lenouo (2012) determined the AP days at the coastal 

site of Douala in Cameroun and observed that the 

surface ducts occur less frequently in the dry season 

over the Gulf of Guinea. However, Douala location 

is not sufficient to generalize the AP of the entire 

Gulf of Guinea region. Kaissassou et al (2014) found 

that most duct occurrences are in the night, morning 

(0000, 0600 UTC) and late afternoon (1800 UTC) 

respectively in the West Africa region. 

Abidjan lies on the south-east coast of the country - 

Cote D’Voire, in the Gulf of Guinea and is located at 

5° 25′ N, 4° 2′ W, and 26 feet (8 meters) above sea 

level. Three seasons - warm and dry (November to 

March), hot and dry (March to May), hot and wet 

(June to October) are concurrent. The city has a 

tropical monsoon climate with a long rainy season 

from May through July; a short rainy season 

(September–November) and two dry seasons, though 

rain is seen even during these dry seasons (Mongabe, 

2011; Wikitravelpedia, 2011). 

The climate of Abidjan is constantly changing and 

does not dependent on the climate of other locations 

in Cote d’Ivoire. This is the reason that 

meteorological observation must be carefully carried 

out at points widely separated in the vertical 

direction over a long period of time. This work is 

aimed at characterize the variability of Abidjan 

troposphere and their potential effects on 

communication networks that is in use or to be 

developed and deployed.  Because of the reliability 

communication signals are for human use, the need 

to have precise assessment of the variability of 

propagation environment in particular, Abidjan, 
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allows for these effects to be mitigated and resources 

deployed to their best effect. In Abidjan, 

communication systems designed without accounting 

for ducting phenomenon could potentially suffer 

interference and frequent signal fades.  

 

MATERIALS AND METHODS 

As anomalous propagation (anaprop) is due to 

relatively small variations of the air refractive index 

n, the magnitude known as refractivity N, defined as 

one millionth of n - 1, is commonly used in anaprop 

studies. Bech et al. (2002) had shown from the works 

of Bean and Dutton (1968) that N can be written as:  
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where T is the air temperature (K), p atmospheric 

pressure (hPa) and e is the water vapour pressure 

(hPa). A related magnitude is the modified 

refractivity M, which is defined as:  

r

z
NM

610
  …………………..(2) 

where z is the altitude and r is the radius of the Earth 

in metres. A negative gradient of M is considered 

useful indicator as to the occurrence of ducting 

(Falodun et. al., 2000). The gradient of the modified 

refractivity gradient determines the refraction type, 

while tropospheric ducting phenomena occur when 

the following conditions is met (Isaakidis et al., 

2007): 

157,0 
dh

dN
or

dh

dM  .… (3) 

 

Radio Duct Properties and Radiosonde Data 

Radio duct properties are important factors in 

estimating multipath parameters necessary for radio 

system design (Sasaki and Akiyama, 1982). These 

properties are defined by the following parameters; 

duct height H, duct layer thickness H , duct 

intensity M  and negative gradient of refractive 

modulus in the inversion layer. 

Radiosonde data of 64910 FKKD Douala 

observation station at 12Z obtained from the 

University of Wyoming, College of Engineering, 

Department of Atmospheric Science USA was used. 

The datasets cover the period as indicated in table 1 

and the radiosonde parameters considered were the 

temperature, relative humidity, pressure and height. 

Analysed meteorological data spanned a maximum 

height of 1000m (1 km) above the ground because 

radio duct that trap VHF/UHF radio signal are 

mainly formed in the lower troposphere (Dedryvere, 

et al., 1999). 

Advanced Refractive Effects Prediction System 

(AREPS) 

AREPS has been employed to study the effects of 

radio ducting in Abidjan troposphere. AREPS is a 

Graphics User Interface (GUI), that incorporates 

environmental and communications system input 

with the Advanced Propagation Model (APM). The 

output is two-dimensional views of vertical M-

profiles, and propagation condition summaries based 

on model calculations. It was fed with preloaded 

environmental variables which are the raw 

radiosonde data of temperature, pressure and 

humidity of the atmosphere obtained from 65578 

DIAP Abidjan observation station at 12Z. These 

meteorological data were inputted into AREPS and 

simulated to obtain results which were succinctly 

discussed in the next section. In this work, each year 

is divided along quarterly symmetry in order to aid 

discussion and comprehension. For the purpose of 

discussion, the base of the lower troposphere (surface 

layer) is considered as between the station level (8m) 

and a vertical height of 300m. The upper troposphere 

is considered as between vertical height of 300m and 

1000m above sea level. AREPS program computes 

and display a number of tactical decision aids. This 

decision aid is displayed as a function of height. All 

calculations depend on atmospheric refractivity data 

obtained from radiosondes. Table I clearly specify 

Abidjan station and the years considered for the 

study. 

 

Table 1: Abidjan Station, Years and Months 

considered 

Abidjan 

Station 
 

 

Month Year 

2000 

2001 

 

2008 

 

2009 

January – December 

January, February, March, April, May 

and June 

January – December, except April 

January – December 

 

RESULTS 

Abidjan Scenario 

From the results shown by the various figures 

(displayed in the next section), it is found that for 

Abidjan troposphere, duct occurrence varies during 

these years that were studied. Considering the fact 

that Abidjan station is 8m above sea level, this level 

is used as the elevation datum. The present study 

encompassed 41 months with 122 days consideration 

of year 2000, 2001, 2008 and 2009 respectively. A 

total of 122 profiles were plotted out of which 103 

showed ducting phenomena. This is 84.43% of the 

total consideration. 

 

DISCUSSIONS 

Thickness of Ducting Layer 

Radio duct occurrence is defined as the existence of 

negative gradient layer in the vertical refractive index 

structure (Sasaki et. al, 1982). The mean thickness 

over which ducting conditions occurred for the total 

event for Abidjan is 51.73m. For near the surface 

events (lower troposphere), the mean thickness is 

40.02m, this accounts for 63.7% of duct occurrences. 

This shows that duct occurrence at the surface layer 

is large in number and thin in thickness. Events at 

higher altitude show a mean thickness of 110.83m 

and this as well accounted for 36.3% of total 
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occurrence. This shows that duct occurrence at the 

upper layer is small in number, thicker and 

elongated. Implication of these attributes is that duct 

occurrence for lower troposphere is more in number 

than that for upper layer and that the relationship 

between duct occurrence and height or thickness of 

radio duct is that duct occurrence probability tends to 

be less as the atmosphere becomes thicker and 

higher. The altitude where ducting phenomena 

occurred majorly is within the first 300m of 

atmosphere above sea level. Previous studies by 

Faloduna and Kolawole (2000) and Von-Engeln et 

al. (2002) had shown that ground-based temperature 

inversions associated with large humidity lapse rate 

result in the formation of ducting layers. However, 

the formation of ducting layers in Abidjan is 

primarily caused by high water vapour content 

present in the atmosphere because of the stronger 

influence it exerts on the refractivity than does the 

temperature gradient.  

A glance at table II shows that the 1
st
 Quarter (Qtr) in 

year 2008 and 2009 has the highest percentage duct 

thickness. The 4
th

 quarter of year 2000 and the 2
nd

 

quarter of year 2001 have highest percentile values 

for their year running. The duct thickness in the 3
rd

 

quarter is generally low for all the period considered.  

We could observe that duct presence is throughout 

the year and duct thickness is conspicuously varied 

in each quarter. This is in conformity with the 

findings of Von-Engeln et al. (2002). 

 

Table 2: Percentage Distributions of Duct Thickness 

  

-* Data not available 

Duct occurring at altitudes between 8m and 300m of 

the Abidjan atmosphere can therefore be said to 

severely affect the propagation of radio 

communication signals than at higher altitude. 

Moreover, looking through figures 1, 2, 3 and 4, the 

1
st
 quarter has 7 duct occurrences in year 2000, 10 in 

year 2001 and 2008, and 12 in year 2009. The 2
nd

 

quarter has 9 duct occurrences in year 2000 and 

2009, 11 in 2001 and 4 in 2008. The 3
rd

 Quarter has 7 

duct occurrences in year 2000, 9 in 2008 and 6 in 

2009. The 4
th

 Quarter has 11 duct occurrences in 

2000, 6 in 2008 and 8 in 2009 respectively.  

 

Variability of Ducting Levels 

Variability of the ducting layer is investigated by 

analysing the plots of figures 5 and 6 respectively. 

Fig 5 shows the mean strength (intensity) of duct 

variableness as consistently widespread over the 

entire troposphere. The distribution of duct intensity 

with respect to the refractivity gradient has clearly 

shown the presence of multipath propagation and 

radio range extensions which conspicuously 

prevailed in Abidjan atmosphere and this is further 

elucidated in figure 6.  

Figure. 6 shows that the layer thickness tends to be 

directly proportional to the negative refractive 

gradient of Abidjan troposphere. That is, a decrease 

in duct layer thickness corresponds to a decrease in 

negative refractive gradient and vice versa. More so, 

the figure shows a concentration of duct thickness 

(between 8 and 60m) at the base of the troposphere 

with higher values of refractive gradient (between – 

2.0 and 0 MUm
-1

). By their concentrations and 

coverage, duct thicknesses at Abidjan lower 

troposphere are slightly variable. Near surface events 

show the lowest gradients. Thick and elongated duct 

layers at higher altitude of Abidjan troposphere are 

concentrated at 0 MUm
-1

 value of the refractive 

gradient with weak and lesser variability. 

 

Figure. 7 shows the strength of duct thickness as 

evidently strong within the values of 0 – 40 MU 

respectively.  Whereas, the STD values for the mean 

duct thickness are majorly low (between 0.2 and 1.2) 

as shown in Figure. 8. 

Further analysis shows that more ducts are actually at 

the lower tropospheric region as shown in figures 9 - 

13. In the month of April 2000 (Figure. 9), the first 

day exhibited a wide span of ducting phenomenon 

over a vertical height of 426.03m to 729.4m which 

trapped communication signals causing it to have an 

extended coverage. 

Day 15 experienced a thin layer of ducting and 

trapping phenomenon between 594m and 603m 

height. Day 30 manifested surface ducting at the base 

of the troposphere. 

In Figure. 10, 5
th

 of December 2000 exhibited two in-

one ducting phenomenon, which is, a surface duct 

and a surface-based duct as shown in figure 12. We 

could see that two trapping layers were formed and 

in between these layers is sub refraction condition 

with its dominance over the remaining part of the 

first 1 km troposphere. At higher altitudes we have 

normal and then super refractive layers. The 12
th
 day 

has surface duct and elevated duct characteristics 

while the 24
th

 day had only the surface duct 

phenomenon. 

In Figure 11, surface duct and surface based duct 

were features of the month of January 2001 with the 

surface duct virtually present in the three days 

profile. Extended ranges for all transmitters or 

Aircraft (i.e. unmanned plane or drones) 

communication signals is experienced from surface 

to 96 m  and between 892 to 937 m for 12
th
 January 

and from surface to 105 m and between 715 to 955 m 

for 25
th

 January. 

In Figure. 12, surface duct is absolutely absent but 

exhibited elevated duct condition. Surface duct is 

experienced on the 19
th

 day while none was present 

on the 30
th

 day. In Figure. 13, surface duct is present 

at the base of the lower troposphere for 1
st
 and 27

th
 

days of the month. In the case of 17
th

 day, surface 

duct, surface-base duct and elevated duct are present, 

showing the presence of multiple duct phenomena. 

 2000 2001 2008 2009 

1
st
 Qtr 5.2 11.3 11.9 10.6 

2
nd

 Qtr 6.9 12.5 5.9 6.2 

3
rd

 Qtr 4.7 - * 5.1 3.2 

4
th

 Qtr 7.5 - * 3.6 5.4 
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CONCLUSION 

We have explicitly looked into the meteorological 

condition of the troposphere of Abidjan over which 

radio communication signals propagate and have 

been able to establish a correlation between radio 

duct occurrence in the tropospheric layers and 

refractivity gradient variation. In Abidjan, the 

altitude where pronounced ducting phenomena occur 

majorly is within the first 300m of atmosphere above 

sea level. This study reveals that ducting 

phenomenon is a continuous occurrence and 

governed by the meteorological patterns of the 

troposphere which are evident on the Abidjan 

troposphere. Duct occurrence varies during the year 

as seen in the results; this is in conformity with the 

works of Sasaki and Akiyama (1982) and Lenouo 

(2012). This also confirms what Agunlejika and Raji  

 

(2010) had stated in their work that consideration of 

refractive properties of the lower troposphere is 

important when planning and designing terrestrial 

communication systems mainly because of multipath 

fading and interference due to trans-horizon 

propagation. 
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