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PREDICTION OF RAIN ATTENUATION AT 12 GHz

INTRODUCTION

Rain is the dominant factor 1in the reliability of satellite
broadcasting services using the 12GHz band. At these frequencies
rain is known to cause significant absorption, scattering and
~depolarisation of the signal. In order to estimate service
rellabllity at any given location a complete knowledge of the
spatial and temporal rainfall statistics is desirable.

ATTENUATION DUE TO RAIN

When a rain cell traverses the signal path it will absorb and
scatter some of the signal causing both a change in the signal
level and in propagation delay relative to the undisturbed path.
The resulting attenuation depends upon factors such as the size,
number, shape, orientation, density, dielectric properties and
spatial distribution of the rain drops. Numerous scientific
studies carried out relate to these various parameters (1), (2),
(3). Their combined effect is generally expressed in the form of
the attenuation co-efficient versus rain rate, and this is given
by the formula:

) A= aRb
Where A = attenuation co-efficient in dB/km
a,b = constants for a particular frequency

dropsize distribution and rain temperature
R = rain rate in mm/hr.

Depending on the nature of the rain there will be a spread in the
values of the constants. OThe analysis in (2) gave for 12GHz and -
the temperature range -10"C to +20°C the following spread in the

values of the constants: ’
a: 1.12 x 1072 to 3.25 x 1072

b 0.942 to 1.236°

The dependence bf A on R for some typical values of a and b are
shown in Figure 1.

The knowledge of the rain rate distribution along a path would
enable an estimate of the total attenuation for the path to be made.

RAIN CHARACTERISTICS

The problem in predicting the total attenuaticn lies in the naturs
of rain. Extensive observations of the nature of rainfall rates,
especlally those which give rise to significant signal attenuations,
show that the rain 1s composed of many small relatively intense
showers imbedded in a larger area of light rain (1). Intense
showers are also usually accompanied by gusting winds bringing about
a rapid transition of the rain cell. The widths of intense rain
cells range between 2 and 6km with heights extending up to 8km.
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These characteristics have been measured by radar techniques and
confirmed by actual rain gauge measurements. It is obvious that
relatively large and rapid fluctuations in the received signal
level could be expected with heavy rainfall rates at 12GHz and
large signal atftenuation would be limited to relatively short
periods.

An example of the extent to which rain may disrupt satellite
reception at 12GHz was provided in the Australian trials using

the Canadian/USA experimental satellite, Hermes, during August 1979.
Heavy rain prevented reception for half an hour at Goondiwindi,
Queensland, during one of these demonstrations.

EARTH-SPACE ATTENUATION STATISTICS

Ideally rainfall attenuation statistics should be based on actual
reception of satellite transmissions. Up to the present time, due

to the lack of a satellite signal source in the 12GHz band, this

has not been possible iIn Australia. It was intended to use

Hermes for this purpose during part of the 1980 wet seascn in
northern Queensland, but control of the satellite was lost before

any significant rain.attenuation statistics could be gathered.
Alternative methods, using the sun or the sky as an extra-terrestrial
source could be employed to gain preliminary information on likely
attenuation characteristics (4), (5), (6).

Since 19672 the Australian Telecommunications Commission has carried
out an extensive research program into rain attenuation at 11 and
14GHz in the Innisfail and Darwin areas using radiometer measurements.
The most recent repors (6) has also included an analysis designed to
correlate the total path attenuation with published rain intensity
data. The analysis was based on measurements carried out at an
elevation angle of 60 degrees during the 1977/78 wet season at
Darwin. The Darwin results were also compared with those obtained
~earlier at Innisfail where fixed elevation angles of 45 and 30
degrees were used for the measurements.

Unfortunately, rainfall intensity data for Innisfail is not
available from the Bureau of Meteorology hence the comparison

could not embrace this data. A nctable aspect of the results is

the similarity of the total path attenuation versus rain intensity
for the above 3 elevations. In the absence of further data this
would imply that the relationship between the above two variables

as established for Darwin would be equally valid for other tropical
localities with like rainfall patterns. Due to the lack of measured
data this assumption was extended to embrace all localities
irrespective of climatic zone in which they were located.

Hence, by necessity, additicnal simplification was introduced in
this paper by ignecring the effect of the zatellite elevation angle.
In the case of a service planned on minimal margin of C/N above
threshold and with a low elevation angle, this simplification could
introduce serious errors in the prediction of rain attenuation. At
low elevation angles the signal path might traverse the entire
horizontal extent of a relatively light rain shower and in the
process eliminate the margin.

In this prediction, use is made of the results obtained by Telecom
for various elevation angles in Darwin and Innisfail. For the
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conversion, the highest attenuation value for a given rain
intensity was first determined followed by the correction to 12GHz.
The graph of this relationship 1s shown in Figure 2.

POINT RAIN STATISTICS

The determination of actual rain statistics for each receiving

site would require the measurement of instantaneous rain rates
along the entire signal path. This approach to forecasting is
obviously not practical. The rainfall pattern at ground level is
not necessarily representative of the moisture level along the
signal path especially in the upper regions of the rain carrying
atmosphere. The only practical approach is to relate the satellite
broadcasting service reliability to the point rainfall
characteristics.

Rainfall rate is measured by averaging the rainfall over a finite
time interval. The longer the sampling time the more likely brief
heavy rainfall rates tend to be missed.

Very little information is being published by the Bureau of
Meteorology on point rainfall intensity. In Bulletin No.49 the
Bureau has published point rainfall intensity statistics for the
various capital cities (7). These are tabtulated in average rainfall
durations per month exceeding specified intensities. A typical
tabulation is shown in Appendix A. As can-be seen the tables
provide only 6 steps in rainfall rates. Close perusal of the

data would tend tc indicate that the sampling time interval for
the measurements of rainfall rates was one minute. This, however,
is not so. The results are only analysed to provide rainfall
intensity levels over a six minute period.

Elsewhere in Bulletin No.l49 reference is made to a sample tabulation
for one calendar month, as shown in Appendix B. In this particular
table the minimum sampling interval was given as 2.4 minutes.
-However, once again, the minimum period for the data analysis was
only six minutes as shown under "Daily Maxima'.

The only other published information relating to rainfall intensity
is in the form of the Rainfall Intensity - Duration - Freqguency
diagram, an example of which is shown in Appendices Cl and C2. The
diagram indicates the probability of highest rainfall intensity,
recording over durations from six minutes to ten days for return
periods from one to 100 years.

The return period is the average interval between rainfall
occurrences whose intensity or duration exceeds the indicated values.
Unfortunately the data contain only showers of relatively long
duration and do not allow us to gain information on the freguency
of short duration downpours. Nevertheless, a comparison of
probabilities in Appendix C with the data presented in Appendix A
indicates that the duration of heavy showers is, at most, a few
minutes. :

Due to the lack of any other readily available point rainfall
intensity data at the present time, all service reliability fore-
casting has to be based on the type of information shown in Appendix
A. In conjunction with this information it would be advantageous

to know the extent of the rainfall intensity variations from the
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published average values, however, the requisite standard
deviation Tfigures could not be cbtained. Cumulative distribution
of rainfall intensities can be obtained directly from this
tabulation, and are shown in Figure 3.

As mentioned earlier, Bulletin No. 49 contains rainfall data in
relation to capital cities only. The Bureau does, however,
operate a number of pluviographs and tipping bucket raingauges
which are necessary to gather information on rain intensities
at other locations also. The data from these stations has been
collated but has not yet been published. However, it is
avallable on request.

SUMMARY

An attempt has been made to forecast service reliability for a
future satellite broadcasting system operating in the 12GHz band
based on published point rainfall inftensity data. The higher
attenuation caused by short duration heavy downpours which, in
general , are of only a few minutes duration, tend to be smoothed
out by the six minute minimum period of data analysis.

The fofecasts are baszsed on radiometer data and not on 12GHz
, transmissions from a satellite.

Correlation between measured and published data is based on

observaticns carried out at one single location. As yet, no
investigation has been carried ocut which would validate the

extrapolation used in the correlation to other geograph1ca¢

locations or time spans. :

It is assumed that the forecast is independent of the elevation
angle of the satellite. This hypothesis will have to be proven
experimentally before 1fs adoption can be accepted.

Forecasts for a number of locations in Australia have been prepared
and are attached as Figure U4-14., For esach locality the annual
average and worst month probabilities have been calculated. 1In
selecting the worst month consideration was only given to rainfall
intensities of 10 mm/hr and higher since it has been found that
significant total path attenuations occurred only for these rain
intensity ranges. This selection method for the above locations
has invariably produced consistent results at the 10 mm/hr and 20 mm/hr
rainfall intensities. At higher intensity levels, however, longer
average time durations were sometimes recorded in different months.
In these cases the highest intensity recording irrespective of the
month was employed.

It 1s imperative that better understanding of the effects of rain
on service reliability in the 12GHz band should be gained now that
the Government has made a firm undertaking to introduce satellite
broadcasting services. . Towards this end it would be desirable to
investigate the avaiiab1¢1ty of an experimental satellite service
which permits an extexnsive moniforing and recording program to

galn a better insight into rain attenuation and statistics
especially in the tropical north.  This would be the ideal approach
and undoubtedly would be very costly.

eee/5e
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Even without such a program, useful information on service
reliability could be derived from more detailed rainfall
intensity measurements than can at present be obtained from
the Bureau of Meteorology.
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