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Abstract- Atmospheric ducting is a mode of electromagnetic radiation in the lower layers of earth’s atmosphere that would 
normally be limited to line of sight. Unfortunately, the challenging issue is found on the low receive signal strength which 
has been long standing issues and yet to be resolved. In this work, the investigations of the effects on propagation due to 
evaporation ducting are conducted through real measurement and generation of a prediction model. The correlations between 
the measured and modelled values were analysed. The results show that throughout the measurement period there is 
enhancement in the received signal strength at about 10% or 10dB, which confirmed that the signal enhancement may have 
significant relation to the formation of evaporation ducting over the path where the radio waves propagate. The result of this 
study can be considered by the cellular service providers during the network planning phase for future better service. 
 
Index Term-  evaporation, ducting, received signals strength 
 
I. INTRODUCTION 
 
In atmospheric ducting, radio waves that travel from 
an originating transmitting site reach the intended 
receivers by means of propagation. Waves propagate 
under various propagating mechanism thus affecting 
the angle of arrival, phase and amplitude of the 
received signal. As these mechanisms are wavelength 
dependent, hence radio waves at different frequencies 
will propagate differently. For example, the Ultra 
High Frequency (UHF) waves in the frequency range 
of 300 – 3000 MHz [1,2], propagates through the line 
of sight, Unfortunately, under certain atmospheric 
conditions it could travel over the horizon due to 
tropospheric ducting that leads to high interference. 
 Tropospheric ducting cause travelling radio 
waves to be bent downward, to follow the curvature 
of the earth or upwards, away from the earth. This 
effect is due to the changes in the radio refractive 
index lapse rates with respect to height. The 
propagation of radio wave under the influence of 
tropospheric ducting could enable the signal to travel 
beyond the line of sight or also known as trans-
horizon path. Unfortunately, enhancement of 
unwanted receive signal strength level could be 
experienced by stations located at a far distance from 
the transmitting source. Receive signal strength and 
co-channels interference had been long standing 
issues and yet to be resolved [3,4]. The evaporation 
ducts occur immediately above the surface of the sea 
and other large water bodies and exist primarily 
because the amount of water vapour present in the air 
decreases rapidly with height in the first few metres 
above the surface of the sea. 
 Another researcher proposed a new 
climatology which provides a better spatial resolution 
of the evaporation duct in the South China Sea [5], 
and performed a modeling for ducting layer 
communications in network-centric operations [6], 
but those methods not considered the effects on 
propagation due to evaporation ducting. 

II. TROPOSPHERIC DUCTING 
 

 
Figure 1: Uplink and Downlink 

 

 
Figure 2: Tropospheric ducting Spectrum Allocation 

 
The aims of this study are to model the transmission 
loss due to propagation under the influence of ducting 
based on the recommendation by the International 
Telecommunication Union– Radio communication 
Sector (ITU-R) [2], and to evaluate the correlation 
between the measured received signals strength level 
and the model in the 800 MHz frequency range.  
Effects of evaporation ducts on radio a wave in 800 
MHz is investigated that form over large water 
bodies. Evaporation ducts are routinely observed over 
the world’s oceans with an increased frequency of 
larger duct height being found at low latitudes, during 
summer season and during daylights hours [7]. The 
study on the effects of these mechanisms in relation 
to transmission of radio waves is very important as it 
ensure a better planning and development of radio 
networks that involve spectrum as in Fig.1.  
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In tropospheric ducting, refraction occurs when the 
wave passes between mediums of differing density. 
The refraction will lead the wave path to be bent 
away or towards the surface of the earth and the 
amount is proportional to the difference in density of 
the medium it’s encountered as in Fig.2. 
Tropospheric ducting occurs when there is sharp 
change in the radio refractivity with respect to the 
increasing height in the atmosphere. This condition is 
caused by the rapid increase in temperature and rapid 
decrease of water vapour with height [8]. 
Tropospheric ducting provides mechanism for radio 
waves to propagate far beyond the line of sight which 
may give rise to potential interferences.  
 
 
A. Transmission Loss during the Period of 
Ducting and free space 
Transmission loss during the period of ducting is 
influenced by various factors. These factors are total 
fixed coupling loss, total gaseous absorption as well 
as time percentage and angular-distance dependent 
loss. The gaseous absorption loss indicates how the 
variation in the water vapour pressure, air 
temperature and air pressure in the troposphere 
influence the formation of duct. The prediction of the 
basic transmission loss, Lba (dB) occurring during 
periods of ducting is given by: 

   gdfba ApAAL  )( (dB)      (1) 
where; Af :   total of fixed coupling losses 
(except for local clutter losses) between the antennas 
and the anomalous propagation structure within the 
atmosphere; 
Ag: total gaseous absorption; and 
Ad( p) : time percentage and angular-distance 
dependent losses within the anomalous propagation 
mechanism. 
 
Since [2] considers all loss in the possible 
propagation mechanism, namely line-of-sight, 
diffraction, tropospheric scattering as well as ducting, 
modifications were made to represent the 
transmission loss due to ducting only. Therefore, the 
calculation for the final basic transmission loss due to 
ducting, not exceed for p% time, Lb (dB) is given by 
equation (2). 
 

  hrht
bamL

b AAL   2.010log5     dB     (2) 
 
 Where Aht,hr : additional losses to account for 
clutter shielding the transmitter and receiver. These 
should be set to zero if there is no such shielding. 
 From the calculation of transmission loss, 
the predicted received signal power at the receiving 
station can be calculated using Equation (5). The 
calculation of the free-space basic transmission loss 
(Lbf) also referred as Friss equation, between isotropic 
antennas is done based on the Recommendation [9], 
and is shown in Equation (3).  









dLbf

4log20  [dB]         (3) 

 
where,  Lbf: free-space basic transmission loss 
(dB); 
 d : distance (km); 
 : wavelength (km); and 
  
Equation (3) can also be written as: 
                              

dfLbf log20log4.32  [dB]     (4) 
 
With f is frequency in MHz and d is distance in km. 
 
Based on Equation (4), further losses will occur when 
the frequency, f and distance, d are increased under 
free space conditions. The received signal power at 
the receiver can be calculated as: 

rtbftr GGLPP  [dbw]    (5) 
 
Where     Pt:  transmitter power output (dBW); 
Lbf: free space loss between isotropic antennas 
(dB); 
Gt: transmit antenna gain (dBi); and 
Gr: receive antenna gain (dBi). 
 
Various parameters have been considered in 
modelling the prediction of transmission loss during 
the ducting period. With this model, the predicted 
signal level received at the interfered-with (receiving) 
station can be made available. Hence, this will assist 
in evaluating the presence of evaporation ducting 
effect when the correlations between the predicted 
and measured signal level. 
 
III. METHODOLOGY 
 
A. Modelling of Transmission Loss Due to 
Evaporation Ducting 
 
In this work, prediction of transmission loss in the 
presence of ducting is presented. The 
recommendation from [2] is used to model the 
transmission loss due to evaporation duct over 
various distance of water body. In the simulation, the 
basic input data is designed to generate the path 
profile between the interferer station and interfered-
with station. Later the predicted received strength 
signal level is calculated and compared to the 
measured value for signal enhancement purpose. 
 
B. Construction of Path Profile 
For the construction of this trans-horizon path, the 
terrain heights above mean sea level (amsl) along the 
great-circle path are designed as Fig. 3. In this work, 
the coordinates of the CDMA2000 BTS and 
Malaysian Communications and Multimedia 
Commission Remote Monitoring Station (MCMC’s 
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RMS) are used. The ground heights at the 
CDMA2000 BTS (start point), MCMC’s RMS (end 
point) as well as the value of the effective earth radius 
ae are being taken into account.  

 
Figure 3: Path Profile between the interferer (CDMA) and 

interfered-with stations (RMS) 
 
This study is conducted by collecting sample data of 
signal strength level received by the interfered-with 
station from the interferer station for a period of time. 
Both transmitter and receiver are located 
approximately 211 km apart of which 156 km of this 
path lies over a large water body. The collection of 
signal strength data were taken from the 30 Mar 2016 
to 31 Mar 2016. For the measurement duration, it 
started on 14:00:00, 30-03-2016 and stop at 00:00:00, 
31-05-2016. In this work, the meteorological data are 
important as it is used to derive the potential presence 
of ducting associated with the enhancement of signal 
strength reading. The collected included wind speed, 
air temperature, surface temperature, relative 
humidity and reduced pressure. The collected data are 
then analysed accordingly, in order to relate the 
presence of ducting effect which leads to interference 
received at the EGSM BTS.  
 
C.    Data Collection 
The sample data of receive signal strength level (in 
dBm) from the suspected interferer station were 
measured and collected. The MCMC’s RMS located 
in Shah Alam, Selangor is used to sample and collect 
the data. The scheduling of task and retrieving the 
results were done remotely from the MCMC’s 
National Spectrum Monitoring Control Centre 
(NASMOC), located in Cyberjaya, Selangor. Figure 4 
shows the map of locations of the transmitting 
station, CDMA2000 BTS in Kisaran, the receiving 
station, MCMC’s RMS in Shah Alam and MCMC’s 
NASMOC in Cybeyjaya. Table 1 presents the basic 
information pertaining to the two stations such as 
coordinate, antenna height above ground level and 
antenna gain. 

 
Figure 4: Location of CDMA2000 BTS, MCMC’ RMS and 

NASMOC 

Table .1 Information on CDMA2000 BTS and MCMC’ RMS 

 
 
The interferer’s signal level is measured at the 
MCMC’s RMS located on the top of 24 stories 
building in Shah Alam, Selangor. The station consists 
of VHF/UHF Direction Finder (DF) and monitor 
antenna array, spectrum monitoring system and 
monitoring software a Scorpio client-server, as 
illustrated in Figure 5. This station is capable of 
monitoring radio signal from 20 MHz to 3000 MHz 
and the station’s detailed specification is shown in 
Table 2. 

 
Figure 5: Remote Monitoring Station in Shah Alam, Selangor 

 
Table .2 List of Equipment at the Receiving Site 

 
 
In order to sample and capture the interfering signal 
accordingly, the parameters necessary to be 
considered are frequency range, bandwidth, sampling 
period and the duration of measurement. The known 
frequency channels that are transmitted by the 
CDMA2000 BTS from East Coast of Sumatera are in 
the range of 880.905 MHz to 882.135MHz and 
882.135 MHz to 883.265MHz. For the purpose of 
this data collection the centre frequency of 881.52 
MHz was selected as input to the spectrum 
monitoring system software, therefore the receive 
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signal strength level at this frequency could be 
measured via MCMC’s RMS. It is known that the 
CDMA2000 system utilises a 1.23 MHz bandwidth. 
However due to the limitation of the MCMC’s RMS 
system’s software, the bandwidth was set to 2 MHz at 
the Scorpio Client software. The signal strength 
reading from the CDMA2000 BTS is measured and 
sampled at a period of one hour interval every day.  
 
IV. RESULT AND DISCUSSION 
 
The prediction of transmission loss for 881.52 MHz 
due to ducting was implemented that used [2] as a 
benchmark and the predicted free space transmission 
loss (Lbf) was calculated. It is found that the predicted 
transmission loss during evaporation ducting (Lba) 
increase by 50 dB more than the loss in free space 
transmission (Lbf). Then, it is important to observe if 
there is in any enhancement to the receive signal 
strength level between the interfering and the 
interfered-with stations. Therefore, the correlation 
between the result of predicted received signal 
strength level during the evaporation duct and the 
measured value will be analysed. This will help to 
confirm that the presence of evaporation ducting over 
Straits of Malacca as significant impact in enhancing 
the received signal at the receiving station. The 
meteorological conditions which have significant 
impact in the formation of evaporation duct which are 
wind speed, air temperature, surface temperature, 
relative humidity and reduced pressure data were also 
collected during this period. 

 

 
Figure 6: Received Signal Strength Level versus Air Pressure 

 

 
Figure 7: Received Signal Strength Level versus Relative 

Humidity 
 
The relation between the air pressure (hpa) and 
received signal strength level is illustrated in Figure 
6. It can be seen that the existence of high air pressure 
more than 1008 hpa has a significant influence in the 
enhancement of signal strength. In Figure 7, the 

presence of about 95% relative humidity has given 
rise to the signal strength level by about 20 dB. About 
50% of received signal strength enhancements of 
about 2 dB to 20 dB occur at the above 85% of 
relative humidity. The increments in the air 
temperature as well as sea temperature are also 
contributing factors in the increase of received signal 
strength level as shown in Figure 8. The enhancement 
of signal between 3dB to 20 dB occurs at air 
temperature more than 27C. About 7.8% of 
occurrence in the enhancement of signal when the sea 
temperature is at 33C. Figure 9 illustrates the 
relationship between the received signal strength and 
wind speed. The value of signal strength 
enhancement is between 3dB to 20dB when the 
velocity of wind is at 7 km/h or lesser.  
 

 
Figure 8: Air and Sea Temperature versus Received Signal 

Strength 
 

 
Figure 9: Received Signal Strength Level versus Wind Speed 

 

 
Figure 10: Received Signal Strength Level versus Total 

Distance 
 
Furthermore as in Figure 10, the comparison between 
the predicted and measured received signal strength 
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level is performed as well as the enhancement of 
received signal strength occurred at about 10% of the 
time and enhancement in received signal strength 
level by more than 10 dB from the allowable receiver 
performance (-90dBm) of interfered-with stations are 
obtained. The enhancement of received signal 
strength level are mainly influenced by some 
meteorological conditions such as an increment in the 
relative humidity of the air immediately above the 
surface of the sea at more than 85%, increasing in the 
air and sea temperature, the existence of high air 
pressure at more than 1008 hpa and the presence of 
low velocity winds at 6 km/h or lesser.  
 
V. DISCUSSION 
 
In this work, the effect of evaporation ducting on the 
propagation of UHF radio wave when it travels over a 
path approximately 211 km across the Straits of 
Malacca is investigated. From the correlation 
between the modelled and measured received signal 
strength level as well as the meteorological data, 
enhancement of received signal strength occurred at 
about 10% of the time and predominantly in the later 
part of the day which is between 17:00 to 00:00 
hours. Enhancement in received signal strength level 
by more than 10 dB from the allowable receiver 
performance (-98dBm) of EGSM BTS systems were 
detected at the MCMC’s RMS, suggesting the 
existence of the evaporation duct along this path. 
Besides, the occurrence in enhancement of received 
signal strength level are mainly influenced by some 
meteorological conditions such as an increment in the 
relative humidity of the air immediately above the 
surface of the sea at more than 85%, increasing in the 
air and sea temperature, when the air temperature is 
more than 27C and sea temperature is more than 30 
C, the existence of high air pressure at more than 
1008 hpa and the presence of low velocity winds at 6 
km/h or lesser. The trans-horizon radio wave 
propagation over evaporation ducting has leads to co-
channel interference experienced by the Malaysian 
EGSM BTS from the Indonesian CDMA2000 BTS 
which is separated by a distance of approximately 
211 km, whereby a large segment distance 

(approximately 156 km) is over the Straits of 
Malacca, which may cause the formation of 
evaporation ducting layer in this path.  
 
CONCLUSION 
 
This work successfully investigated the effects of 
evaporation ducting towards the propagation of radio 
waves in the 800 MHz band. In comparison between 
the predicted and measured value, it is recommended 
to consider some meteorological conditions in radio 
wave propagation. The result of this study can be 
considered by the cellular service providers during 
their network planning phase for future better service.  
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