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Abstract. The paper considers the impact of hydrometeors and extremely low air temperatures on the weakening of the radio
frequency range 0.8 GHz–10 GHz. The calculations of the frequency dependence of the total attenuation of the radio wave intensity
for the temperature range from 0◦ C to 60◦ C below zero have been carried out using the designed for this purpose applied computer
program.

INTRODUCTION

At present, the radio frequency range of 0.8–10 GHz, particularly the decimeter and centimeter ranges, is the most
popular and promising for the technological progress. This range (0.8–10 GHz) is used for mobile communications,
wireless access to the Internet, television and radar. In particular, the LTE and WiMAX technologies are being imple-
mented intensively in the regions of the Far East and Northern Russia. Therefore, the study of peculiarities of the radio
wave propagation of decimeter and centimeter ranges in the above regions is both of scientific and practical interests.
The climatic conditions of the considered regions differ from each other significantly. In particular, it is well known
that in the Republic of Sakha (Yakutia) winter temperatures reaching as low as 60◦ C–70◦ C degrees below zero are
possible, while in summer in the same region the air is heated up to over 40◦ C. Also one of the climatic characteristics
of Yakutia is the presence of the frequent fogs in summer and winter (ice fog). In the present work, the calculations of
the frequency dependence of the total attenuation of the intensity of radio waves in the range 0.8–10 GHz at very low
temperatures (down to −60◦ C) have been carried out using the designed for this purpose applied computer program.

WEATHER CONDITIONS AFFECTING RADIO WAVE PROPAGATION

It is significant that the influence of various hydrometeors on the propagation of radio waves has been the subject of
many research works [1–5] in which both theoretical and experimental results obtained in temperate climate conditions
have been presented. In some works [1, 2, 4] the impact of air temperature on the attenuation of radio waves has been
considered. According to some researchers, it is believed that the temperature conditions will have little impact on
the attenuation of the radio signals. However, as noted in [2], the number of customer complaints about the quality
of cellular communications depends on the season. The same, according to unconfirmed reports, is true in Yakutsk,
with complaints becoming more frequent during the coldest months of the year. To summarize briefly, the results of
the above mentioned works include the following meteorological factors affecting the propagation of radio waves:

Rain. The impact of rainy weather on radio wave propagation was described in many works [1–4]. The main
factors that attenuate the intensity of propagating radio waves in these works are the absorption and the scattering
of radio waves. The frequency dependence of radio wave attenuation in rain conditions with intensities R = 5 mm/h
and R = 50 mm/h obtained in [1] is shown in Fig. 1. As shown in the Fig. 1, there is a significant dependence of the
attenuation on the distribution of raindrops at R = 5 mm/h and for frequencies above 40 GHz. The dependence peaks
at the rain intensity of R = 50 mm/h.

Snowfall. According to the results obtained in [1], absorption and scattering of radio waves happens during
snowfall. It is found that the attenuation is significantly lower during dry snowfall than the corresponding values
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FIGURE 1. 1. Frequency dependence of the radio wave attenuation in the rain conditions with two intensities of R= 5 mm/h (solid
lines) and R=50 mm/h (dotted lines) under various distributions of droplets by size: 1 rain, 2 continuous rain and 3 thunderstorms
in [1].

during raining (see Fig. 2).
Fog. The presence of fog also leads to a weakening of radio wave energy [1, 5], although to a lesser extent than

during the raining and the snowfall. The attenuation coefficient in this case is determined by the empirical formula [1]:

γt = 0.483/λ2
0, (1)

where ρ is the humidity (g/m3), λ0 is the wavelength. In turn, the humidity dependence on the range of maximum
optical visibility is given by formula:

ρ ≈ 3S −4.3, (2)

where S is the range of maximum optical visibility. Equations (1) and (2) were obtained for summer conditions when
the fog consists of small water droplets.

The temperature of the air. In several papers it is noted that the temperature of the air affects on the attenuation
of radio waves [1, 2, 4]. Particularly in [1] for a range of frequencies below 57 GHz, the attenuation coefficient for
oxygen at a temperature of 15◦ C has been determined by the empirical formula:

γ0 =

(
7.191̇0−3

+
6.09

f 2 + 0.227
+

4.81
( f − 57)2 + 1.5)

)
f 210−3, (3)

where f is the frequency in GHz. Depending on the outdoor temperature, the attenuation coefficient can be different
from the formula (3). In [1], the temperature correction has been given by the following formula:

γ = [1 − (t − 15)0.01]γ0, (4)

where f is the frequency in GHz, t is temperature in Celsius.

CALCULATIONS OF THE RADIO WAVE ATTENUATION UNDER LOW
ATMOSPHERIC TEMPERATURES

It is significant that the studies of the temperature dependence of the attenuation of radio waves in [1, 2] have been
carried out for the temperate climate. Nevertheless, there are no similar works on the problems of propagation of
decimeter and centimeter ranges in conditions of the extremely low temperatures. In order to estimate the impact
of various environmental factors on the propagation characteristics of radio waves, a computer program has been
developed using ”Borland Delphi”. The calculations can be produced for any range of frequencies with a certain
step. It is also possible to vary the temperature of the air with a certain step. For the calculation it is possible to use
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FIGURE 2. The dependence of the radio wave attenuation during the different types of snowfall and raining on their intensity at
the wavelength of 8.6 mm : 1-dry snow; 2-moist snow; 3-rain; 4-wet snow; 5-sleet.

FIGURE 3. Frequency dependence of the total attenuation of radio waves when the air temperature varied from 0◦C to −60◦C.

any formula depending on specific goals and objectives of the study. The results of the calculation of the frequency
dependence of the attenuation of radio waves using this program based on the formula (3) for the frequency range
0.8–10 GHz when the temperature of air is varied from 0◦ C to −60◦ C are shown in Fig. 3.

As shown in Fig. 3, when the air temperature goes down, the attenuation of radio waves increases. In particular,
for the frequency of 6 GHz the drop of air temperature from 0◦ C to −60◦ C leads to the increase of the total attenuation
coefficient of radio waves from 0.024 dB/km to 0.0375 dB/km. There is a similar dependence on the frequency of radio
waves. At the same time, we see that the absolute values of the attenuation coefficients for the considered ranges are
small.

CONLUSION

It is significant that in the presented calculation the possible effects of ice fog on the formation of the total attenuation
of the radio waves were not taken into account. Meanwhile, the frosts of −40◦ C and below are usually accompanied
by a heavy ice fog. In the above studies [1–5] present the results of impact of the hydrometeors on the radio wave
propagation mainly in summer time and for this reason the use of those results in winter ice fog conditions would be
problematic because of its specific occurence in regions with extremely low temperatures. Thus, to calculate the total
attenuation of radio waves in the winter ice fog conditions requires the additional theoretical research which in the
future will find the application in the developed applied software.
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