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In the theoretical analysis
of rainfall attenuation ,at the
millimeter band, it is necessary
to specify two important points:
temperature and precipitation
rate. In tropical or equatorial
regions, temperature up to 400C
or more must be considered, and
the precipitation rate canachieve
very high values. This paper
intends to present some comments
on this subject.

In order to calculate the
rainfall attenuation Ryde's
theory!»2,3 was applied to
several temperature values and
frequencies between 10 and 300
GHz. Best's empirical formulae"
for the terminal velocityofrain-
drops (in the case of summer
tropical atmosphere) and Laws
and Parsons' raindrop-size dis-
tributions® were also used.
Although there are some questions
about this theory, when we know
the rain dispersion along the
path, the calculation can be made
with a high degree of approxima-
tion. Recent results from Bell
Laboratories® seem to confirm
this assumption. The refractive
index and the absorptiom coef -
ficient of water were calculated
from Saxton and Lane's work
(Figs. 1 and 2).

We have computed the rain-
fall attenuation for temperatu -
res from 0 to 50°C and precipi-
tation rates from 0,25 to 150
mom/h. In the band 30-300 GHz and
precipitation rates greater than
10 mm/h, the calculated percent-
age change of attenuation (rela-
tive to the attenuation at 20°C)
was smaller than 5% for all tem-

perature values. For low precip-
itation rates (0,25 to 5 mm/h)
and frequencies between 10 and
30 GHz we have obtained more
elevated percentage values. Tables
I and I1 present some results,
The variation discussed above is
probably due to the behaviour of
the refractive index and absorp-
tion coefficient water with tem-
perature (see Figures 1 and 2).
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a=0°C, b=10°C, c=20°C,
d=300C,e=40°9C, £=50°C,
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TABLE I (T = 309¢C)

P ua/m) [ Erstpeney({OR)
0,25 19.79|3.4440.57
1,25 -13.93(3.78}0.96
2,5 -10.38]/2.98]|-1.04
5’0 ‘6.22 2006'1011

12.5 ‘1086 0063 ’1.16

25,0 -1.9310,24}-1.17

50,0 -&4.4410.91[-1.17

100,0 -6.76[~1.19}-1.14
150,0 -7.34}1.22]-1.12

TABLE 11 (T = 40°C)
Frequency (GHZ)

P (mm/h) 10 | 30 | 90
0,25 -34.09] 7.11{-1.22
1,25 -26.04] 7.60[-2.05
2,5 ~-20.73] 6.08[-2.18
5,0 -13.87] 4.37]-2.21
12,5 - 6.65] 1.73]-2.32
25,0 0.66f 0.13{-2.32
50,0 5.64|-1.11]-2.30
100,0 10.54|-1.63]-2.26
150,0 12.17|-1.73}~-2,21

CALCULATED PERCENTAGE CHANGE OF

ATTENUATION (RELATIVE TO THE
ATTENUATION AT 209C).
With the aid of Brazilian

Meteorological Service (Ministry
of Agriculture), the precipita-
tion rates at several regions in
Brazil were studied. Figure 3
shows the statistical data ob-
tained in the following points:
(a) Belem (equatorial)

(b) Rio de Janeiro (tropical)
(c¢) Curitiba (sub-tropical)

(d) Quixeramobim (semi-arid).

it was im-
instantaneous
in Figure

Unfortunately,
possible to get
values and the curves
3 correspond to five minutes
median values. However, for
intense rain, this fact does not

represent a problem because the
precipitation rate changes very
little in this period,

As a final <conclusion, we

can remark that the wmore impor-
tant problem for the application

of millimeter waves in tropical
and equatorial regions 1is the
precipitation rate. In order to
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Fig.3 - Statistical Distribution
of Precipitation Rates in
Typical Brazilian Regions

b. Rio de Janeiro
a. Belem

¢c. Curitidba

d. Quixeramobim

make a comparison, the broken
line in Pigure 3 shows the dats
observed in Washington® (temper-
ate climate). This effect of
temperature can be neglected,
at least in the range studied

and for intense rain.
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