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ABSTRACT

" An equation for the rate of rainfall at a given range from the radar is derived. This is expressed in terms

of the power level of the received signal (corrected for attenuation by intervening cloud and atmospheric
gases) and takes account of radar attenuation due to intervening rain. The equation includes a constant
which measures the performance of the radar and is determined by direct calibration.

At attenuating wavelengths (at 3 cm; to some extent at 5.6 cm) a small error in the calibration constant
causes a large error in the measured rainfall. This error, which varies with range and may thus cause serious
distortion, is, in fact, liable to be more serious than that caused if the attenuation were neglected entirely.
Correcting for attenuation is therefore not recommended, unless the calibration error may be held within
extremely narrow limits. C :

Very small calibration errors may be achieved by calibrating the radar by means of a rain gauge located
at a point where the attenuation is appreciable. At points of smaller attenuation, a satisfactory degree of
accuracy in the calculated rate of rainfall then results,

At wavelengths such as 10 cm, where the attenuation is negligible, errors in the constant still affect the
measured rain, but neither so seriously, nor in a manner involving the range, thus causing no distortion.

An examination of the relative importance of the attenuation by gases and cloud at three wavelengths -
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similarly emphasizes the difficulties associated with quantitative work at the shorter wavelengths. -

1. Introduction

Most early work on weather radar was done by
means of 10-cm equipment. But since the power re-
turned by atmospheric scatterers is inversely propor-
tional to the fourth power of the wavelength, there
has been an increasing tendency to turn to shorter
wavelengths. The resulting gain in sensitivity and
resolution has partly obscured an essential disadvan-
tage of all wavelengths less than 10 cm, namely
attenuation by water, Atlas and Banks (1951) have
pointed this out forcefully, and for a number of hypo-
thetical rainfalls have calculated the echo pattern to
be expected on the radar screen for wavelengths of 3.2
and 10 cm. They recognized two factors distorting the
pattern as reported by the radar, and therefore re-
quiring correction. One, applying at all wavelengths,
is the decrease of the echo power with range (an
inverse-square or an inverse-fourth power law, de-
pending on whether the cross-section of the beam is,
or is not, filled with target); the other is attenuation
by rain and cloud. The effect of attenuation at 10 cm
is practically negligible, but becomes increasingly more
serious as the wavelength is reduced.
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In this paper the opposite, and possibly the more
practical, procedure is attempted. With the radar-
power observations as the starting point, it is shown
how the actual rain pattern may be deduced. To
accomplish this, an equation giving the actual rain
as an explicit function of the observed signal power is
derived, taking care of both the above causes of dis-
tortion. This equation is relatively simple, and might
possibly point the way to methods of automatic cor-
rection, if it were not for the unexpectedly great

- importance of the calibration error which, in the case

of attenuating wavelengths, renders correcting almost
useless. Only in special cases, when the calibration
error can be kept within really narrow limits, is cor-
recting possible. Attenuating wavelengths thus appear
to be of limited applicability in rain measurement; in
addition, attenuation reduces very substantially the
sensitivity for the detection of precipitation viewed
through intervening rain (Hitschfeld and Marshall,
1954).

In this work, the uncertainties and errors introduced
by the random nature of the weather echo [as de-
scribed by Marshall and Hitschfeld (1953), and
Wallace (1953)7 will be disregarded. Thus it will be
assumed throughout that the average value of the
echo power corresponding to any point in space is
precisely known. Similarly, little account will be taken -






