
Vol. 119 (2011) ACTA PHYSICA POLONICA A No. 4

Physical Aspects of Microwave and Radar Applications

Yearly, Seasonal and Daily Variations of Radio Refractivity
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Yearly, seasonal and daily variations of radio refractivity have been analyzed. The method proposed in the
recommendation of International Telecommunication Union ITU has been used. The local meteorological data
have been used in calculation of radio refractivity. The highest values of the radio refractivity have been observed
in Klaipėda (in Seacoast) in the year 2009. In July, the values of the radio refractivity were highest in all localities
investigated here and over all the time of the day in the year 2009. In the continental part of Lithuania (in Vilnius
and Kaunas), analysis of radio refractivity has been made by using the meteorological data of longer period
(starting from April 2005 up to July 2010). Five-year meteorological data collected in February, April, July and
October have been used. It was obtained that the values of refractivity in the year 2010 are much higher than
ones obtained in all the years of the period investigated here.

PACS: 84.40.−x, 41.20.Jb

1. Introduction

In design of the radio communication networks, it is
important to know the atmospheric radio refractive index
(the ratio of the velocity of propagation of a radio wave in
free space to the velocity in a specified medium [1]). The
knowledge of refractive index is always required when
measurements are made in air [2]. The path of a ra-
dio ray becomes curved when the radio wave propagates
through the Earth atmosphere by reason of the variations
in the atmospheric refractivity index along its trajectory
[1, 3]. Refractivity of the atmosphere affects not only the
curvature of the radio ray path but gives some insight
into the fading phenomenon [1]. The anomalous electro-
magnetic wave propagation can be a problem for radars
because the variation of the refractive index can induce
loss of radar coverage [4]. In practice, the propagation
conditions are more complicated in comparison with the
conditions predictable in design of radio system in most
cases.

The meteorological conditions have a significant im-
pact on radio wave propagation through atmosphere.
The anomalous propagation is due to the variations of
the humidity, temperature and pressure that cause vari-
ations in the refractive index [4]. The climatic conditions
are very changeable and unstable in Lithuania [5]. The
territory of Lithuania belongs to the area where there is
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the excess of moisture. The relative humidity is about
70% in spring and in summer while in winter it is as
high as 85–90% [6]. Lithuanian climate is also charac-
terized by large temperature fluctuations. Difference be-
tween the temperature in warmest and coldest months is
21.8 ◦C [5].

It was noted in [7, 8] that even small changes of temper-
ature, humidity and partial water vapor pressure lead to
changes in the atmospheric refractive index. Short time
variation of the refractive index over line-of-sight paths of
approximately 3 km in mountainous coastal waters using
X-band was presented in [4]. In Ref. [9], the measure-
ments of these meteorological parameters were made in
the different time of year and different time of the day.
The values of the refractive index have been determined
by using measured meteorological data. In Ref. [10], it
was mentioned that seasonal variation of refractivity gra-
dient could cause microwave systems unavailability.

Having in mind the variable character of Lithuanian
climatic conditions, the influence of the climatic pecu-
liarities on the electromagnetic waves attenuation in the
Baltic Sea region has been analyzed in [11, 12]. The val-
ues of the electromagnetic waves attenuation due to rain
and clouds have been determined in [11]. In Ref. [12],
seasonal and daily variations of radio refractivity have
been analyzed in the localities of Lithuania in the year
2009.

In this paper, the data presented in [12] has been ex-
tended by the analysis of the yearly, seasonal and daily
variations of the atmospheric radio refractivity at the
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ground surface in Vilnius and Kaunas during the longer
(2005–2010 years) period.

2. Calculation of radio refractivity

The value of the radio refractive index n is very close
to the unit and the changes in this value are very small
in the time and in the space. With the aim of making
them more notable, the term of radio refractivity N is
used [1, 13]:

N = (n− 1)× 106. (1)

According to the Recommendation of ITU [13]:

N =
77.6
T

(
p + 4810

e

T

)
, (2)

where T (K) is a temperature, p (hPa) is the atmospheric
pressure, e (hPa) is partial water vapor pressure. The
refractivity is expressed in N units.

It was mentioned in [1] and [13] that expression (2)
may be used for all radio frequencies; for frequencies up to
100 GHz, the error is less than 0.5%. There are two terms
(the “dry term” and the “wet term”) in relationship (2).
At the sea level, the average value of N ≈ 315 [1] is used.

The relationship between the partial water vapor pres-
sure e and the relative humidity H (%) is [1]:

e =
Hes

100
, (3)

where

es = a exp
(

bt

t + c

)
(4)

with t temperature ( ◦C); es is a saturation vapor pres-
sure (hPa) at t ( ◦C) temperature. The values of the co-
efficients a, b and c (for water and for ice) are presented
in [1].

3. Results and discussion

The values of the refractivity N have been determined
by using (2). The data of temperature, humidity, and
atmospheric pressure were taken from http://rp5.ru/
archive.php?wmo_. The partial water vapor pressure e
was determined by using Eqs.(3) and (4).

The data presented in our previous paper [12] show
that the behaviors of the dependences of refractivity N
on the diurnal time are similar in all the localities (Vil-
nius, Kaunas, and Mažeikiai) situated in the continental
part of Lithuania and it is slightly different in seacoast
(in Klaipėda). The difference in the climate of continen-
tal and sea coastal parts of territory of Lithuania was
emphasized in [5] and [11]. The climate of Klaipėda is
specified as moderate warm climate. The climate of con-
tinental part of Lithuania is typical climate of the middle
part of the East Europe. This may explain the difference
between the daily variations of N in Klaipėda and in
other localities analyzed here.

The highest values of N were in July in all the local-
ities investigated here and over all the time of the day

in the year 2009. The lowest values of N were in April
in the noontime and in the afternoon until 21th o’clock
in all localities investigated here excepting in Klaipėda.
In Klaipėda, the diurnal variations of radio refractivity
are not marked. The data presented in [12] show that in
February 2009 and in October 2009, the diurnal varia-
tions of N -value are small in all localities.

In Table I, maximum N -values and minimum ones,
and the difference ∆N between maximum N -values and
minimum ones (yearly variation of N -value) in the year
2009 are presented. It is seen that the yearly maximum
N -value N = 350 was in Klaipėda and minimum one
N = 297 was in Vilnius. The highest value of ∆N was
in Kaunas and the lowest one was in Klaipėda in 2009.
In Vilnius and Kaunas, maximum monthly variations
of radio refractivity ∆Nm were observed in April (see
Table II). In Mažeikiai and Klaipėda, maximum monthly
variations were observed in July.

TABLE I
The maximum yearly N -value, the minimum yearly
N -value, and difference ∆N between these values in
the year 2009 [12].

Locality
Refractivity, [N -units]

Maximum
N -value

Minimum
N -value

Difference
∆N

Vilnius 338 297 41
Mažeikiai 346 303 43
Kaunas 344 300 44
Klaipėda 350 313 37

TABLE II
The difference ∆Nm between the maximum and mini-
mum monthly Nm-values in the year 2009 [12].

Locality
Difference ∆Nm, [N -units]

February April July October
Vilnius 1.98 13.07 12.58 2.90

Mažeikiai 1.12 6.59 15.74 2.35
Kaunas 2.31 14.99 14.38 3.38
Klaipėda 1.24 2.33 7.91 2.17

It was concluded in [14] that during the warm season
the radio refractivity gradient is more sensitive to mois-
ture gradients than to temperature gradients. The me-
teorological data collected in the localities investigated
here show that the variation of the relative humidity is
more noticeable in the warm seasons.

In July, the monthly variation of ∆Nm in Mažeikiai is
twice as much than N variation in Klaipėda. It was con-
cluded in [10] that refractivity gradient variation has no-
ticeable influence in coastal regions of neighboring Latvia
during the summer time neither in winter. Such behavior
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of refractivity variation has been observed in the locali-
ties investigated here.

According to [10], the theoretical value of N for
Latvian territory is ≈ 310 N-units (in February) and
≈ 340 N-units (in August). The following results were
obtained by measuring practically in Latvia: ≈ 313 N-
-units in February in Riga and Daugavpilis and ≈ 335 N-
-units in Riga in August [10]. In Table III, we present the
values of the refractivity N at different time of the day
averaged over the month in February 2009 in Klaipeda.
The average daily N -value N = 313 has been obtained
in February 2009 in Klaipėda and the same value was
measured in Latvia in [10]. The data presented in [10]
show that the N -values are the highest in seacoast and
they are lower in the continental part of Latvia territory
in winter. The results obtained here show that such pe-
culiarity of behavior of N -variation has been observed in
Lithuanian territory: the highest N -values were observed
in Klaipėda in all seasons of the year 2009.

TABLE III

The refractivity N in Klaipėda in February 2009 [12].

Time of day Refractivity [N-units]
00:00 312.97
03:00 313.22
06:00 312.56
09:00 313.50
12:00 313.11
15:00 312.61
18:00 312.74
21:00 313.85

It was concluded in [12], where the dependences of
refractivity N on the diurnal time in four localities of
Lithuania have been analyzed, that the behaviors of
the dependences of refractivity N on the diurnal time
are similar in all the localities (Vilnius, Kaunas, and
Mažeikiai) situated in the continental part of Lithuania.
In this paper, we selected Vilnius and Kaunas for more
detailed analysis. The dependences of average value of N
on the time of day in Vilnius and Kaunas in different
months of the years 2005–2010 are presented in Fig. 1
and Fig. 2, respectively. In the abscissa axis, the num-
bers of the months are marked starting from 4 up to 67
as follows: April 2005 is marked as the month number 4,
July 2005 is marked as the month number 7, October
2005 is marked as the month number 10, February 2006
is marked as the month number 14, April 2006 is marked
as the month number 16 and etc. The last number 67
corresponds to July 2010.

The data presented in Fig. 1 show that the maximum
values of radio refractivity N averaged over the month
were at 06:00 o’clock and the minimum N values were at
18:00 o’clock during all the years from the period ana-
lyzed here.

Fig. 1. Dependences of average value of N in the dif-
ferent time of day in Vilnius on the seasons of the years
in the years 2005–2010. The years are indicated in the
top of the figure.

Fig. 2. Dependences of average value of N in the dif-
ferent time of day in Kaunas on the seasons of the years
in the years 2005–2010. The years are indicated in the
top of the figure.

At 06:00 o’clock, the maximum value N = 350 was
in July 2010 and the minimum N value of 306 was in
February 2007. At 12:00 o’clock, the maximum N = 348
was in July 2010 and the minimum N = 306 was in
February 2007. At 18:00 o’clock, the maximum N = 345
was in July 2010 and the minimum N = 296 was in April
2010.

It is worth to note that N values in the year 2010 are
much higher than ones obtained during all the years of
the period investigated here in Vilnius. For example, the
difference between N values in July 2010 and in July
2006 is 22 N-units at sixth o’clock. However, in Kaunas
(see Fig. 2), the maximum value N = 373 was in July
2006. Maximum diurnal variation of N was 16 N-units
in Kaunas.
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4. Conclusions

The average daily N -value N = 313 has been obtained
in February 2009 in Klaipėda and the same value was
measured in sea coast of Latvia in [10]. In February and
in October, the daily variations of N -value are small in
all localities. The yearly maximum N -value N = 350 was
in Klaipėda and minimum one N = 297 was in Vilnius in
the year 2009. The highest value of ∆N was in Kaunas
and the lowest one was in Klaipėda. It was estimated
that the values of refractivity N were highest in July (in
all localities investigated here in 2009) round the clock.
Analysis of the meteorological data of longer 2005–2010
years period in Vilnius and Kaunas shows that the values
of refractivity are the highest in July 2010 in Vilnius and
they are much higher than ones obtained in all the years
of the period investigated here during all the time of the
day. However, in Kaunas, the highest values of refractiv-
ity were determined in July 2006. The maximum N in
Kaunas is by 58 N-units higher than the average value
of N ≈ 315 at the sea level at the standard atmospheric
conditions.
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