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Abstract

For decades, it has been proven that communication signals
experience anomalies in their propagation through the tro-
posphere. One of the main anomalies causes these signals
to exceed the radio horizon, enabling very long-distance
communications. This phenomenon is known as tropo-
spheric ducting and is due to the confinement of the sig-
nals caused by anomalous variations in temperature, pres-
sure, and humidity. Due to their location near the equa-
tor, the Canary Islands are prone to the formation of atmo-
spheric ducting. This study combines atmospheric infor-
mation with AIS (Automatic Identification System) signals
from vessels to investigate the formation of ducts between
the Canary Islands and the Iberian Peninsula. The results
obtained correspond to the year 2017, where two significant
months are selected to characterise the ducts: February to
represent cold months, and August for warm months. It has
been demonstrated that the probability of the occurrence of
ducts in warm months is significantly higher than in cold
months.

1 Introduction

The oceans play a crucial role in many natural processes
and commercial activities worldwide. Therefore, their im-
portance has driven the application of technologies to en-
hance maritime situational awareness [1], which provides a
comprehensive understanding of sea events. Among these
technologies, maritime communications have played a sig-
nificant role that extends across various domains, such as
maritime navigation and transportation. Although numer-
ous maritime communication systems exist, some as impor-
tant as AIS (Automatic Identification System) or DSC (Dig-
ital Selective Call) are found in the VHF band (30 MHz -
300 MHz) [2].

VHF signals propagate as space waves, which are charac-
terised by the influence of the troposphere on them. Thus,
atmospheric variables such as temperature, pressure or rel-
ative humidity cause different phenomena in the propaga-
tion of RF signals. These phenomena include tropospheric
ducting, which enables communication over much greater

distances than under normal conditions due to the changes
that occur in the troposphere [3].

This article presents a study on the propagation of tropo-
spheric ducting for the maritime region between the Canary
Islands and the Iberian Peninsula. After describing the mo-
tivation for this article in section 1, section 2 outlines the
theoretical foundations of tropospheric propagation, focus-
ing on the occurrence of tropospheric ducting. Section 3
describes the methodology employed in the study, which
has led to the results presented in section 4. Finally, section
5 presents the conclusions of this study.

2 Tropospheric propagation

The troposphere is the layer of the atmosphere that extends
from the Earth’s surface up to a height of 9 to 18 km, de-
pending on the region of the planet. This layer is not uni-
form and is affected by temporal and spatial variations in
environmental parameters such as temperature, pressure,
and humidity. As a result, the phenomenon of refraction
plays a role in signal propagation, causing an apparent cur-
vature of the rays in relation to the surface. Therefore,
the refractive index, n, undergoes variations during signal
propagation and it is commonly expressed in terms of the
refractivity, N = (n−1) · 106, or the modified refractivity,
M = N + 0.157 · h, where h is the height above the Earth’s
surface expressed in metres [4].

Generally, the refractivity of the atmosphere decreases with
height, thus its vertical gradient allows for the analysis of
atmospheric conditions. These conditions dictate the modes
of signal propagation, which can be classified as standard
and normal, sub-refractive, super-refractive, and conduc-
tive conditions (figure 1). Each condition is defined by a
specific value or range of values for N and M. In the case of
conductive conditions, N < −157 and M < 0. When these
conditions are met, extreme super-refraction occurs in the
lower regions of the troposphere, which is known as tropo-
spheric ducting. This phenomenon is caused by sharp vari-
ations in the refractive index with respect to height, which
confines the rays between two horizontal surfaces. As a re-
sult, signals propagating through a duct can travel long dis-
tances, often exceeding those limited by the radio horizon
[5].

Various atmospheric conditions result in the formation of
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Figure 1. Relative bending for each atmospheric condition.

different types of ducts, such as surface ducts, evaporation
ducts, and elevated ducts. On the one hand, surface ducts
are formed by the overlaying of a hot, dry air mass on a
colder air mass from the surface, resulting in a thermal in-
version. If the trapping zone is located on the Earth’s sur-
face, it is referred to as a simple surface duct, however, if
this layer is elevated and uses the Earth’s surface as the base
of the duct, it is called an elevated surface duct. Addition-
ally, at very low altitudes evaporation ducts can be formed.
On the other hand, elevated ducts are formed at a certain
height under atmospheric conditions similar to those of sur-
face ducts. This phenomenon is most common in tropical
latitudes, where cold air masses descend from the upper and
middle layers of the atmosphere to lower layers, causing a
thermal inversion as a warm and dry air mass overlies a
colder and wet one. Under favourable conditions, elevated
ducts can become surface ducts, or vice versa [6].

Finally, tropospheric ducts are characterised by their inten-
sity, Md , which is the difference between the maximum and
minimum M values, and by their thickness, D, defined as
the difference between the maximum and minimum heights
(figure 2) [4]. These factors determine the ability of ducts
to confine waves of different frequencies. Thicker ducts are
capable of confining waves of lower frequencies.
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Figure 2. Theoretical M profile for an elevated duct.

3 Methodology

This study investigates the formation of tropospheric ducts
in the Canary Islands in 2017 by correlating atmospheric
and maritime traffic data. The study area encompasses
the eastern region of the Canary Islands and the southern
zone of the Iberian Peninsula, where atmospheric condi-
tions are conducive to the formation of tropospheric ducting
throughout the year [7, 8].

On the one hand, atmospheric data has been obtained from
a radiosonde located in Güímar (Tenerife) at an altitude
of approximately 115 metres above sea level at coordi-
nates 28.3184°(latitude) and -16.3822°(longitude). This ra-
diosonde belongs to the Regional Basic Synoptic Network
of the WMO (World Meteorological Organization) Associ-
ation I. It conducts two daily soundings, one at 00:00 and
another at 12:00. The University of Wyoming’s database
was used to access these data. On the other hand, AIS
data was obtained through the AIS receiving station BMT-
IDeTIC (ID: 1609), which belongs to the MarineTraffic net-
work and is managed by the University of Las Palmas de
Gran Canaria. The station is located on the rooftop of the
Edificio Polivalente II of the Tafira Campus (Gran Canaria),
at coordinates 28.0794°(latitude) and -15.4519°(longitude),
at an altitude of 375 metres above sea level. The AIS re-
ceiver is connected to a VHF antenna, and it stores the mes-
sages received on a server through an Ethernet connection.

An algorithm has been developed in MATLAB to carry out
the analysis of the ducts using the atmospheric and AIS
data. Figure 3 illustrates the flowchart associated with this
algorithm.
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Figure 3. Flowchart illustrating the duct analysis algorithm
using atmospheric and AIS data in MATLAB.

The amount of information extracted from the data is de-
pendent on the length of the observation periods. For at-
mospheric data, the data is stored in a structure that con-
tains parameters based on heights, collected for each daily
sounding. The most relevant parameters for this study,
namely, altitude, temperature, pressure, and relative humid-
ity, are extracted. The data is verified to ensure correctness
and ordered by height. Subsequently, the atmospheric data
is interpolated to a common height vector to facilitate anal-
ysis. Refractivity and modified refractivity values, along



with their variation with height, are then calculated from the
interpolated data to identify the presence of ducts. From the
profiles of modified refractivity, the values of maximum and
minimum duct height, as well as the maximum and mini-
mum M values, are calculated to estimate the duct thickness
and intensity.

The AIS messages are decoded and classified based on their
reception timestamp. For each observation period, infor-
mation such as MMSI, latitude, and longitude of the ves-
sels is extracted. The distance of the AIS emissions from
the BMT-IDeTIC receiving station is calculated using the
latitude and longitude. Additionally, the data is filtered to
remove any erroneous information [9].

4 Results

After processing the atmospheric and AIS data, tropo-
spheric ducts are studied and analysed for different periods.
Various statistics are extracted corresponding to the months
of February and August 2017. Since the atmospheric data
obtained by the radiosonde correspond to two daily sam-
ples, this information is limited in time. In contrast, the
AIS data is obtained continuously throughout the entire pe-
riod, which may result in discrepancies in the analysis due
to variations in the size of the atmospheric and maritime
traffic information.

(a) February 2017.

(b) August 2017.

Figure 4. Position of AIS received messages at BMT-
IDeTIC station for each month.

The maps depicted in figure 4 correspond to the positions of
AIS received messages during February and August 2017.
It is observed that the density of points corresponding to
AIS emissions is higher in August than in February, which
is consistent with the more frequent occurrence of ducts in

the warmer months. Furthermore, figure 5 shows the proba-
bility of the formation of different types of ducts at different
heights in the two indicated months, showing a low proba-
bility of no duct occurrence in August compared to Febru-
ary. Additionally, the occurrence of elevated ducts is more
prevalent than surface ducts in both moths, indicating the
altitude at which ducts form in the Canary Islands region.
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(b) August 2017.

Figure 5. Occurrence probability of each duct type at dif-
ferent heights.

(a) February 2017.

(b) August 2017.

Figure 6. Variation of duct maximum and minimum
heights, and maximum AIS reception distance for each
month.



Finally, figure 6 shows the relationship between the duct
heights and the maximum reception distances for each
month. It is observed that in August, the ducts are
more consistent, and the maximum reception distances are
greater compared to February. The graph indicates that
for duct heights below approximately 1300 meters, signal
propagation over very long distances is achieved, however,
for higher heights, signal propagation is limited by the radio
horizon.

5 Conclusions

This study presents some interesting results on the occur-
rence of tropospheric ducts in the maritime area between
the Canary Islands and the Iberian Peninsula. The study
area exhibits favourable conditions for duct formation, en-
abling the reception of AIS signals from vessels located at
distances of up to over 2000 km. In warmer months (Au-
gust), ducts are more likely to form with increased prob-
ability, intensity, and stability compared to colder months
(February). In this region, elevated duct formation is more
prevalent than surface ducts. For ducts formed at very high
altitudes, exceeding 1300 meters, AIS signals cannot be
confined and, therefore, do not propagate over very long
distances.
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