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The values of the rain rates were calculated by using a new revised model. The obtained values of rain rates were compared
with the ITU-R (International Telecommunication Union — Radio Regulations) value ascribed to Lithuania and with ones mea-
sured in the Lithuanian Weather Stations. The dependences of rain attenuation on the frequency for three locations of Birzai,
Vilnius, and Kaunas have been calculated by using the values of the rain rates R obtained here and the ITU-R value. The
dependence of rain attenuation on the frequency for BirZai has been calculated by using the value of rain rate obtained using
Chebil’s model as well. The suspicion that ITU-R value of Ry.014 is too low, described in previous paper, has been confirmed

by the data presented here.
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1. Introduction

The electromagnetic waves propagating in atmo-
sphere are attenuated due to their scattering and absorp-
tion by rain, snow, ice particles, fog, and clouds. The
electromagnetic waves attenuation due to rain medium
is one of the most important factors when analysing the
wave propagation at frequencies of 10 GHz and higher
[1].

It is mentioned in [2] that the attenuation due to ab-
sorption is larger than attenuation due to scattering for
wavelengths that are small compared with the drop size.
For wavelengths that are great compared to drop size,
the attenuation due to scattering is greater than atten-
uation due to absorption. The drop sizes are coupled
with the rain rate R [3]. The prediction of rain rate is
the most important step when analysing rain attenuation
[4]. Although the rain rate is presented in millimetres
per hour (mm/h), an important parameter is the integra-
tion time, i. e. the time between readings of the rainfall
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[2]. An integration time of 1 minute was used in [5]. In
[6], an integration time of 5 minutes was used.

Rainfall rate is highly variable, both in terms of lo-
cation and time [4]. Therefore the rain rate and attenu-
ation due to rain are analysed for concrete climate con-
ditions [4], [6-8]. In [2], it was concluded that ITU-R
(International Telecommunication Union — Radio Reg-
ulations) proposed data is not suitable for microwave
line planning in Latvia. It is worth to mention that the
territory of Latvia is in ITU-R rain zone E [2] and it is
in the same rain zone as the territory of Lithuania. In
[9], we presented the prediction of rain rate using local
thunderstorm rainfall data. The obtained results showed
that the values of rain rates vary starting from 43.9 up
to 69.7 mm/h in different locations of Lithuania.

In previous publication [4], we presented the calcula-
tions of rain rates and attenuation due to rain at Lithua-
nian climatic conditions. According to the local pecu-
liarities of climatic conditions the change in Chebil’s
model [5] was made. It has been mentioned in [4]
that the ITU-R value of Ry 14 = 22 mm/h [10] at-
tributed to Lithuania does not describe correctly enough
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Table 1. The values of rain rates R (mm/h) for 0.01% of
time measured in Lithuanian Weather Stations (Birzai,
Vilnius, and Kaunas) in the period of years 1999-2004.

Locality 1999 2000 2001 2002 2003 2004

Birzai 719 386 598 389 239 401
Vilnius 455 467 357 268 231 332
Kaunas 314 279 451 30.8 38.6 359

the Lithuanian climatic conditions and there is a need to
specify this rain zone designation.

The main goals of this paper were to analyse the data
of rainfall measured in the Lithuanian Weather Stations,
to compare it with ITU-R value Ry 14 = 22 mm/h
[10] and with the one calculated by using a new revised
model, and to numerically determine the specific rain
attenuation as well.

2. The analysis of the rainfall data measured in the
Lithuanian Weather Stations

We analysed the rainfall data measured in the Lithua-
nian Weather Stations in the period starting from year
1999 up to year 2004. The integration time was ten min-
utes. The values of rain rates for 0.01% of time mea-
sured in Birzai, Vilnius, and Kaunas are presented in
Table 1.

The data presented in Table 1 shows that the values
of Ry.019 in Birzai vary from 23.9 mm/h in 2003 up
to 71.94 mm/h in 1999. These values are up to 65%
higher than that recommended by ITU-R for calculation
of the rain attenuation. The value of R 19 in Vilnius
varies from 23.14 mm/h in 2003 up to 46.74 mm/h in
2000. These values are up to 46% higher than the one
recommended by ITU-R. The value of Ry 14 in Kau-
nas varies from 27.9 mm/h in 2000 up to 45.1 mm/h in
2001. The values of Ry 14 obtained by averaging the
data of rain rates presented in Table 1 are: 45.5 mm/h
in Birzai, 35.2 mm/h in Vilnius, and 35 mm/h in Kau-
nas. Even the average value of R 14 in Birzai is by
51% higher than ITU-R value Ry 14 = 22 mm/h. And
the average values of Ry ¢14 in Vilnius and Kaunas are
by 37% higher than this ITU-R value. The suspicion
that ITU-R value of R g1 is too low, expressed in [4],
is confirmed by the data presented in Table 1.

3. A new model for estimation of the R o4 value

It was concluded in [4] that investigation of mete-
orological data shows the necessity to modify Chebil’s
model. The comparison of values of rain rates measured

Table 2. The values of average rain rates R (mm/h) for

0.01% of time measured in BirZai, Vilnius, and Kaunas

(in the period of years 1999-2004), the values of rain

rates R’ (mm/h) for 0.01% of time calculated by us-

ing Chebil’s model [5], and the values of rain rates R’

(mm/h) for 0.01% of time calculated by using modified
Chebil’s model [4].

Locality R,mm/h R’ mm/h R”, mm/h
Birzai 45.5 82.5 70.9
Vilnius 35.2 83.5 73.5
Kaunas 35.0 85.6 71.8

in BirZai, Vilnius, and Kaunas in the period from 1999
till 2004 with the values calculated by using Chebil’s
model [5] and with the values numerically obtained by
using improved model [4] confirmed this conclusion
(Table 2).

The values of rain rates determined by using Chebil’s
model [5] are higher by 58.1% (in Kaunas) up to 93.3%
(in Birzai) than the average values measured over the
period of years 1999-2004 (Table 2). The values of rain
rates calculated by using the improved model [4] are
from 35.8% (in Birzai) up to 52.1% (in Vilnius) higher
than the average values measured over the period of
years 1999-2004 (Table 2).

In [5], the rain rate value for 0.01% was expressed as

Roog = oM, (D

where o = 12.2903, 8 = 0.2973, M is the average an-
nual precipitation.
This relation was modified in [4]:

Rooiq = a(YM)?, ()

where 0 < v < 1.0 is the coefficient of a warm period
of the year.

According to the data of Lithuanian Weather Stations
collected in the period from 1999 up to 2004, a new
revised model for the rain rate estimation was obtained.
The review of results measured in Lithuanian Weather
Stations (see Table 1) shows that the relation between
Ry.014 and the annual precipitation can be written as

Roo19 = a (vM)%*, 3)

where v = 0.6; the coefficient a = 4.00 in BirZai, a =
3.23 in Vilnius, and a = 3.32 in Kaunas.

The values of Ry 14 calculated by using the rela-
tion (3) are: RO.OI% =442 mm/h in Biriai, RO.OI% =
34.9 mm/h in Vilnius, and Ry 014 = 34.9 mm/h in
Kaunas.

One of the most widely accepted methods of deal-
ing with excess path attenuation A due to rainfall is an
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Fig. 1. Dependences of the specific rain attenuation A on the ra-
dio signal frequency f for different values of rain rates Ro.014 (for
horizontal polarization at a rain temperature of 20 °C).

empirical procedure based on the approximate relation
between A and rain rate R [1]:

A=cR’, 4)

where b and c are functions on frequency f and rain
temperature 7T'.

Considering the relation (3), Eq. (4) can be written
as

A=ca (7M)0'4]b . (5)

Relation (5) is a new model for the electromagnetic
wave attenuation due to rain medium in atmosphere.
In [1], the values of b and ¢ for horizontal polariza-
tions are based on a rain temperature of 20 °C and the
Laws—Parson drop-size distribution. The dependences
of specific rain attenuation A on frequency f for hori-
zontal polarization at a rain temperature of 20 °C have
been calculated using Eq. 5 and the values of b and ¢
have been taken from [1]. These dependences, numeri-
cally determined by using the rain rate values obtained
for Birzai (Rg 14 = 45 mm/h), Vilnius (Ry o194 =
35 mm/h), Kaunas (Rg.914 = 35 mm/h), and the ITU-
R value R o194 =22 mm/h [10], are presented in Fig. 1.
The dependence of specific rain attenuation on fre-
quency f calculated by using the value R = 83 mm/h
obtained for Birzai by using Chebil’s model [5] and the
specific attenuation dependence on frequency for rain
rate R = 22 mm/h (the ITU-R value) have been calcu-
lated and shown in Fig. 1 as well. In Birzai, the value
of A is higher by 5.8 dB/km than the A value obtained
by using the ITU-R value Ry 14 = 22 mm/h and it
is by 9.7 dB/km higher than the one calculated by us-
ing the value Ry 14 = 83 mm/h obtained in Chebil’s

model when f = 40 GHz (see Fig. 1). The values of
specific rain attenuation in Vilnius and Kaunas are by
3.5 dB/km higher than those calculated by using the
ITU-R value of rain rate Ry 914, = 22 mm/h when f =
40 GHz.

4. Conclusions

New model for the electromagnetic wave attenuation
due to rain medium in atmosphere has been presented
for the first time. The suspicion that ITU-R value of
Rg 019 1s too low, described in [4], has been confirmed
by the experimental observation data presented in Ta-
ble 1. There is a need to specify this value by using
measured data of rain rates during a thirty year period.
An integration time of 1 minute should be used for rain
rate measurements.

The data presented here show that the value of spe-
cific rain attenuation in Vilnius is the same as in Kaunas.
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Santrauka

Savitojo silpninimo, kurj lemia elektromagnetinés spinduliuo-
tés saveika su lietaus laSais, vertés yra lietaus intensyvumo funk-
cija. Lietaus intensyvumo vertés apskaiciuotos taikant Chebil’io
modelio ir [4] darbo pagrindu sukurta nauja modeli, atsiZvelgiantj
i Lietuvos Hidrometeorologijos tarnybos lietaus intensyvumo duo-
menis, iSmatuotus 1999-2004 metais Vilniuje, Kaune ir BirZuose.
Lietaus intensyvumo vertés, apskaiciuotos taikant nauja modeli, pa-
lygintos su Tarptautinés Telekomunikacijy sajungos (ITU-R) reko-
menduojama lietaus intensyvumo verte bei Lietuvos Hidrometeo-
rologijos tarnybos iSmatuotomis vertémis. Gauti rezultatai patvir-
tino [4] darbe pateikta prielaida, kad ITU-R duomenys, rekomen-

duojami naudoti Lietuvos Respublikos teritorijoje, netiksliai api-
budina jos gamtines salygas. Pasinaudojus gautomis lietaus inten-
syvumo vertémis BirZuose, Kaune ir Vilniuje (dvi pastarosios ver-
tés beveik sutapo) bei ITU-R rekomenduojama lietaus intensyvumo
verte, apskaiciuotos savitojo silpninimo priklausomybés nuo sig-
nalo daznio, kai elektromagnetiné banga buvo horizontaliai polia-
rizuota, o aplinkos temperatiira buvo 20 °C. Nustatyta, kad savitojo
silpninimo verté BirZuose, kai daznis f = 40 GHz, yra 5,3 dB /km,
o Vilniuje 2,7 dB/km didesné nei verté, gauta pasinaudojus ITU-R
verte Ro 01 = 22 mm/h. Palyginimui pateikta savitojo silpninimo
priklausomybé nuo daznio, apskaidiuota naudojant lietaus intensy-
vumo verte BirZuose, gautg taikant Chebil’io modelj.



