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it loses the ability to reflect radio waves. This occurrence is
characteristic to higher geomagnetic latitudes. Earth’s
magnetic field can influence the propagation of radio
waves directly, breaking the “beam” onto two components:
O-ray (ordinary wave) and X-ray (extraordinary wave).
This can cause multi-beam propagation over only one hop
of transmission. Usually the O-ray is more stable and it’s
critical refraction frequency is lower.
Behavior of the ionosphere appears as a function of
geophysical factors in ways that are not entirely defined
and may change rapidly. For instance, sporadic E
formations and spread-F effects vary in unpredictable
ways, and F-layer densities differ significantly with stormtime [3].
Several ITU-R (i.e., International Telecommunication
Union, Radio Sector) recommendations are relevant to the
evaluation of the ionospheric propagation prediction and
observation problems. These documents should be taken
into consideration as a background [4, 5, 6].

Introduction
The ionospheric propagation of shortwave
frequencies is by nature an extremely complicated process,
involving multiple different influences. The negative sideeffect of this complex process is the fading, which reveals
itself thru stochastic fluctuations in received signal, being
affected by different factors of propagation environment.
Due to fading effect, the shortwave radio transmissions are
characterized by unstable signal quality and high bit error
rate (BER).
The interferential nature of fading is characterized by
so-called multi-path transmission. The split components of
a shortwave transmission will be mixed together after
reflection from different layers of ionosphere.
Consequently the radio waves reach the receiving antenna
by various trajectories and after different number of
refractions in ionosphere. The quality of received signal
depends on difference of phase and amplitude of diverse
signal components. As the size of shortwave wavelength is
insignificant in scale of ionosphere, the fluctuation there
can cause two signals with approximately equal levels
arrive the receiver in 180 degree phase shift. It’s enough to
have a minor fluctuation of the reflecting layer – in tens of
meters, to produce this type of fading.
Due to the movement of gases, zones with concentration of
electrons, differing (higher or lower) from the layers mean
concentration can develop. These zones can measure up to
hundreds of meters and they can move rapidly (up to 100
m/s). If a temporary reflecting layer is developing at the
height of layer E, then layer F2 is no more a part of a
propagation process. This phenomenon is called a sporadic
E- reflection (Es) [1].
Every trajectory, passed by radio signals, depending
on elevation angle and critical frequency of the ionosphere,
will have a certain value of MUF. With the variations in
the status of ionosphere, the MUF value for different
directions varies significantly. Generally, the MUF value is
highest for the signal path, that is against the Sun i.e. east
in the morning, south at noon and west in the evening [2].
Also the magnetic field of Earth takes part in creation
of layers in ionosphere. Ionospheric disturbances and
magnetic storms can disrupt the layer F2 in a fashion, that

Objectives of the study
We analyze field strength measurement data for two
medium-range (path length 250-500 km) communication
channels in the Baltic in this paper. Propagation and
system performance calculations were carried out for
shortwave at frequency of 6120 kHz for a given time and
path. Radio signal under study originated from broadcast
station in Pori, Finland (Yleisradio) with transmitter’s ERP
about 50 kW. Monitoring has been conducted in November
16 and 17, 2006 from 0700 to 2300 EET, in the northern
Estonia (propagation path length 280 km) and November
29 until 30, 2006 from 0700 to 2300 EET, in the northern
Latvia (propagation path length 450 km). Graphical results
of field strength measurements are presented on Figs. 2
and 5 respectively. It should be emphasized that average
received signal level depends significantly on the ratio of
land and sea surface on the propagation path. Share of the
Baltic Sea surface is 30 % of the propagation path between
Tallinn and Pori but only 10 % of the path between Pori
and Northern Latvia.
R&S Propagation Wizard was used to prediction S/N
ratio and field strength at the receiver site (see example in
57

Fig. 1). Atmospheric, galactic and man-made noises at the
site of reception are taken into account in accordance with
the pertinent CCIR recommendations.
It is noticeable that MUF decreases towards the nighttime.
Predicted propagation characteristics of the communication
channel composed by Propagation Wizard agree with the
empirical results.
Monitoring receiver in use was Rohde & Schwarz
ESMB with active monopole (rod) antenna and laptop
computer equipped with monitoring software ARGUS.
Measurement results analyzed using software package
MATLAB.

The dominant propagation mechanism of first
communication path is ground-wave. Evaluated fading
parameters are average fading period and average fading
intensity. Observed data designates that fades on this
channel can last 25 minutes. It is relatively slow fading
channel. Slow fading has its advantages and disadvantages
as well. First, the slower fading is easier to follow. On the
other hand, when the radio signal fades below the noise
level, it can stay there for a longer time, what will cause
extended group of errors [9].

Fig. 3. The plot illustrates the frequency content of the abovedisplayed data (Tallinn, Nov. 16th, 1310 – 1440 EET)
Fig. 1. Daily changes in field strength (R&S Propagation Wizard)

The trial environment
Transmission lines are in both cases, by their ground
characteristics, so called inhomogeneous paths. For the
receiving site in Tallinn 2/3 of the propagation path lies
over the land. The last third of the path where the waves
travel across the sea surface does not influence the
electromagnetic field significantly. The low salinity of the
Baltic Sea has also taken into account. The observations
have shown, that radio signal is more stable, if the sea
surface environment lies in the beginning of transmission
route [7, 8].
Fig. 4. Recurrence of field strength varies. Clearly expressed
periodicity, spectrum with dominant frequency 0.7 mHz, i.e.,
fading with period about 25 min.

Channel statistical characteristics indicate 7 dB
average fading intensity and 0.7 mHz fading rate for
receiving path in northern Estonia with period about 23 min
(Fig. 4). Surface wave is the dominating propagation
mechanism for the given path.
The second receiving site was chosen in the northern
Latvia where we presume that radio signal propagation is
mainly affected by ionosphere. In this case the dominating
propagation mechanism is skywave propagation. At this
site a clearly expressed periodicity of fading with the
period of 13 min. can be observed from the spectra (Figs. 6
and 7). Intensity of fading is approx. 15 dB. A conclusion
can be made that skywave propagation features more
intense fading with shorter period than ground-wave
propagation.

Fig. 2. Example of fading in received signal. This plot shows the
field strength measurement results (Tallinn, Nov. 16th, 1310 –
1440 EET). Average difference of field strength is 7 dB for the
maximum and minimum of a fading cycle
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Dispersion, characteristic for skywave transmissions,
is mainly caused by multi-path propagation. However, the
means to describe ionospheric pattern are pretty limited,
also the characteristics of propagation paths and reflecting
ionospheric layers are physically not measurable. These
factors increase the significance of empirical studies.
The movement of Earth causes seasonal variations
which means that the zenith angle of the sun changes and
the amount of suns radiation that hits the upper layers of
atmosphere changes with it. The ionization density of Elayer is higher during summer, as it depends on the Sun’s
zenith angle – it is highest at summer and lowest at winter.
The ionization of F1-layer (which exists only during
daytime) and its critical frequency vary with changing
seasons. As sunshine-less time is much longer during
autumn-winter period in Baltic region, the ionization levels
drop notably. Also, the critical frequencies are very low.
F1 and F2 layers are frequently conjoined at that period.

We studied also the distribution of measured field
strength values to find out if the field strength variations
can be described by some known probability distribution.
Figs. 8 and 9 illustrate the histograms according to the field
strength measurement results in Tallinn and Northern
Latvia. The histograms feature significant asymmetry.
These histograms follow approximately Rayleigh’ and
Rayleigh’-Rice distribution. This conclusion agrees with
earlier results discussed by several authors, e.g. [1, 10].

Fig. 7. Recurrence of field strength varies. Clearly expressed
periodicity, spectrum with dominant frequency 1.3 mHz, fading
with period about 13 min

Fig. 5. Example of fading in received signal in northern Latvia.
This plot shows the field strength measurement results Nov. 29th,
1445 – 1545 EET

Fig. 8. Example of field strength histogram of a fading signal
received in Tallinn

Fig. 6. The plot illustrates the frequency content of the abovedisplayed data (northern Latvia, Nov. 29th, 1445 – 1545 EET)

At the same time, the closer the transmission
frequency is to MUF, the less the multi-path phenomenon
is distorting the signal. Because of this, the temporal
dispersion is stronger on lower frequencies. If the skywave
has temporal dispersion, it almost always suffers also from
frequency dispersion or Doppler spread as well. This is
caused by ionospheric drift.

Fig. 9. Example of field strength histogram of a fading signal
received in Northern Latvia
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The results of fitting the measured field strength
histograms to various distributions using MATLAB
suggest the log-normal distribution as the best match. More
reliable conclusions can be made using larger sets of field
strength measurement results. Our future research plans
include also such types of studies.
Conclusions
We made an attempt to characterize quantitatively the
fading of shortwave broadcast transmitter signals at two
receiving sites at mid-range distances of several hundred
kilometers from transmitter. Fading-related features of
these two shortwave communications channels were
quantitatively characterized by depth of fading and fading
period. Longer path from Pori, Finland to Northern Latvia
features mostly skywave propagation with deeper and
faster fading than fading observed in association with
ground-wave propagation between Pori and Tallinn. Field
strength values follow approximately lognormal
distribution.
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