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Abstract

Microwave engineers and geomorphologists require rainfall data with a much greater temporal resolution, and a
better representation of the numbers of large raindrops than is available from current commercial instruments.
This paper describes an acoustic instrument that determines rain parameters from the sound of raindrops falling
into a tank of water. There is a direct relationship between the kinetic energy of a raindrop and the acoustic
energy that it creates upon impact. Rain kinetic energy flux density (KE) is estimated from measurements of the
sound field in the tank and these have been compared to measurements from a co-sited commercial disdrometer.
Six months data has been collected in the Eastern UK. Comparisons of rain KE estimated by the two instruments
are presented and links between KR and rainfall intensity (RI) are discussed. The sampling errors of the two
instruments are analysed to show that the acoustic instrument can produce rain KE measurements with a one-
second integration time with sampling uncertainty of the same size as commercial instruments using a one-
minute integration time.
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1. INTRODUCTION

Rain disdrometers are instruments that determine
the distribution of drop sizes present in rain e.g.
the Joss-Waldvogel (JW) impact disdrometer or the
Thies Laser Precipitation Monitor (LPM). Typically
they measure the parameters of individual drops as
they impact on, or fall through, a horizontal catch-
ment area or estimate the drop size distribution from
empirical relationships. The JW disdrometer deduces
drop sizes from drop momentum while the Thies LPM
measures the amount of light scattered out of a laser
beam. The near simultaneous arrival of two or more
drops at the catchment leads to erroneous measure-
ments and so these instruments have small catch-
ments of 25 or 50 cm2. This limits the instruments to
long integration times, typically one minute, and even
then the sampling statistics are poor for the large drop
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tail of the size distribution. The long integration times
and poor estimates for the incidence of large drops,
means the data from these instruments is inadequate
for some applications.

Several applications exist where the effects of rain
are highly non-linear with respect to the drop size
and which are sensitive to sub-minute rain varia-
tion, for example: erosion and radio communications.
The scatter of microwaves by rain is important in
telecommunications and radar meteorology. At mi-
crowave frequencies this is a Rayleigh scattering pro-
cess where the scatter from a raindrop is proportional
to its diameter to the sixth power and so radar re-
flectivity and microwave specific attenuation are very
sensitive to the numbers of large drops. Further-
more, the performance of a microwave telecommuni-
cations link is measured using metrics that depends
upon the second-to-second variation in bit-error-rate
(BER). The BER is related to the total rain fade which
is approximately determined by all the raindrops in
the first Fresnel zone of the link. This volume is typ-
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ically of the order of metres across and often only
a few hundred metres long. Consequently, the sim-
ulation of microwave channels requires high tempo-
ral resolution drop size distribution (DSD) measure-
ments with accurate large drop tails Similarly, erosion
processes are sensitive to rapid rain variation and
are highly non-linear in drop size, (Dijk et al., 2002).
Erosivity is a combined function of the rain intensity
and of its velocity, so rain kinetic energy flux is often
cited as a primary indicator, e.g. (Brodie, Rosewell,
2007; Salles, Poesen, 2000). A large proportion of
the kinetic energy is carries by the small proportion of
larger drops.

An alternative approach to that used by disdrome-
ters currently on the market is to determine rain pa-
rameters from the sound generated from raindrop im-
pacts upon a body of water e.g. (Nystuen (1987);
Oguz and Prosperetti (1991); Nystuen et al. (1993);
Ma et al. (2005)). The acoustic signal produced by a
drop impact can be as short as 40 microseconds and
so potentially large numbers of individual impacts can
be measured over a short time interval. This allows
large catchment areas and short integration times
e.g. one second or shorter. Some rain parameters
can be deduced from the total sound field, which is
much simpler than identifying individual impacts, and
this allows even larger catchments and higher tem-
poral resolution. For total sound field measurements
these instruments are limited by the quality of ampli-
fying equipment, the number of listening devices and
the power in extraneous noise.

All known total sound field measurements have
been derived from acoustic rain gauges (ARG) de-
signed for use at sea, where standard instruments
are not appropriate. These ARGs are suspended ap-
proximately 20 m below the water surface and mea-
sure the sound of rain falling on an effective catch-
ment area approximately 60 m across. This is six
orders of magnitude larger than the JW or LPM dis-
drometers and could yield measurements with con-
siderably shorter integration times. The limitations
of the method arises from difficulties in distinguishing
the sound produced by drops in different size ranges
in the total sound field and filtering out other sound
sources e.g. waves, wind, ships and animals.

In this paper we describe the development of an
acoustic, water tank rain gauge (AWTRG) for use on
land. The measurement of total sound field in a wa-
ter tank removes the majority of noise contamination
sources present in marine measurements.

In Section 2 we summarise the processes that con-
vert energy in a raindrop to acoustic energy and the

properties of acoustic signals generated by impact of
a water drop on a liquid surface. Section 3 describes
the design and construction of the AWTRG; both the
physical properties of the tank and the signal pro-
cessing electronics. Section 4 develops algorithms
for estimating rain parameters from tank measure-
ments while Section 5 compares tank-derived param-
eters from those derived from measurements of a co-
sited LPM. Section 6 provides some conclusions and
discussed future work.

2. BACKGROUND

Several studies since 1959 have shown that there
are three main sources of sound from a water drop
falling on a water surface, each with different tempo-
ral character and frequency content, (Medwin et al.,
1992; Mani and Pillai, 2004). The impact of raindrops
on the water’s surface generates a sharp initial pres-
sure rise corresponding to radiated sound of short
duration (between 10 and 40 µs) and a damped pres-
sure wave with predominantly low frequency content
(below 600 Hz) associated with a near field hydrody-
namic effect. Raindrops also cause strongly radiating
air bubbles that are formed from several tens to hun-
dreds of milliseconds after the impact. These bubbles
oscillate and radiate sound with frequencies of 10-20
kHz for up to 10 ms before reaching a state of equi-
librium. In laboratory studies using a 26 m long ver-
tical utilities shaft and an anechoic water tank (a 1.5
m high and 1.5 m diameter cylindrical redwood bar-
rel with a lining of redwood wedges), Medwin et al.
(1992), have carried out a comprehensive analysis
of the acoustic signatures for drops of different sizes,
and have found that the relative proportions of impact
and bubble noise vary with drop size. Drops below
0.7 mm in diameter were not heard. Drops with diam-
eters in the range 0.8 to 1.1 mm (associated with driz-
zle) cause an impulse lasting for less than 10 µs and
loud bubble noise across the frequency range 12 to
21 kHz. Typically, drops with diameters in the range
1.1 to 2.2 mm cause loud impact noise but do not
create bubbles. Large drops with diameters above
2.2 mm cause very loud impact and bubble noise
across the frequency range 1 to 50 kHz, although not
all large drops create bubbles. Medwin et al. (1992),
derived an empirical relationship between the peak
frequency of the bubble noise in the range 12 to 21
kHz and the raindrop volume. Mani and Pillai (2004),
have shown that the acoustic signature of the pres-
sure wave associated with raindrop impact on a water
surface can be used for drop size measurement.
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Figure 2 illustrates an acoustic signal measured by
a hydrophone, generated by the impact of a raindrop
on a water surface. The signal around 0.2 ms is the
impact pulse while the damped ringing from 1.6 ms
onwards is due to bubble oscillation. For this illus-
tration, the time interval between impact and bubble
noise has been reduced for clarity. Typical durations
are between 1 and 500 ms. The bubble noise is a se-
rious problem when attempting to invert the acoustic
signal generated by rain falling into water to yield rain
parameters. It increases the duration of the acous-
tic signal generated by a drop impact from as short
as 10 µs to as long as 0.5 seconds. This greatly re-
duces the rate at which individual drop signals can be
generated before they overlap. Furthermore, the bub-
ble noise is often of higher amplitude than the impact
pulse. Potentially this can lead to bubble noise be-
ing interpreted as multiple drop impacts. The bubble
noise produced by a specific drop is also highly vari-
able and depends upon parameters we cannot mea-
sure, such as impact angle and the internal hydrody-
namics of the drop, e.g. see Medwin et al. (1990).

Regular entrainment, (Franz, 2002;
Pumphrey and Crum, 1989), refers to the pro-
cess where a bubble is created repeatedly when a
droplet impacts on the surface of a liquid, usually
water. Several studies developed the mechanics
of entrainment, (Prosperetti and Oguz, 1993), and
found that there are a several scenarios when
entrainment can occur. Regular entrainment occurs
when a crater is formed in the water after an impact.
As the liquid returns to its equilibrium and since
the drop is still forcing the surface of the liquid
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Figure 1: A typical measured droplet impact and bubble signal us-
ing the AWTRG.

downwards the sides of the crater can collapse, or
’pinch-off’ due to a travelling capillary wave. The
resulting void at the bottom part of the crater forms
a bubble. Drop shape is determined by the internal
hydro-dynamics and the air drag. Large drops are
approximately oblate spheroids and very large drops
become concave on the bottom. When a large
drop impacts the preceding air is forced into the
water which develops into an “azimuthal necklace”,
(Thoroddsen et al., 2003). Surface tension breaks up
the necklace into a ring of stable bubbles. The third
type of entrainment is formed when, after an initial
large impact, further smaller droplets are ejected
from the impact site and create their own bubbles
via the first two entrainment processes. This can
be due to funnel formation and separation from a
crater collapse or from a crown formation ejecting
droplets into the air when a crater is formed with a
very large energy impact. Irrespective of the type of
entrainment, the resultant bubble will be suspect to
the comparatively large pressure of being underwa-
ter. This will compress the bubble until a point where
its surface tension is greater than the force exerted
on the bubble. The bubble will then expand again
oscillating until the two pressures reach equilibrium.
Because the entrained air is not spherical, there will
also be spherical harmonic oscillations until it regains
spherical equilibrium.

The effect of wind has been investigated by
Medwin et al. (1990). Falling raindrops are advected
horizontally by the wind resulting in oblique incidence
on the water surface. As a consequence, the proba-
bility of bubble production is altered and the amount
of energy in the impact pulse changes. They found
that with an increasing wind speed, the resultant
spectrum of the rain alters. As the angle of incidence
increases, less bubbles are created and their contri-
bution to the spectra becomes weaker and changes
to a higher frequency. At the same time, the con-
tribution to the spectrum from the broadband impact
signal becomes stronger.

Many researchers have reported the acoustic
spectra of the total sound field produced by nat-
ural rain falling into water e.g. (Lavile et al.,
1991; Medwin et al., 1992; Nystuen et al., 1993;
Pumphrey and Crum, 1989). These studies found
that most rain events yielded a spectral peak at
around 14-16 kHz, principally generated by bubble
oscillation. The rest of the spectrum is created by
the impact signal, and since it is impulse-like in time,
the corresponding spectrum is broadband in nature;
although it reduces as the frequency increases due
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to the finite pulse duration.
Originally it was planned to suppress all bubble

production by the addition of a surfactant, in order to
derive relationships that were independent of bubble
noise. Pumphrey and Crum (1989) stated that if the
water surface tension was reduced below 30 dyn/cm,
the production of entrained bubbles was eliminated.
Experimentally it was found that the addition of sur-
factants to decrease the surface tension would pro-
mote the formation of bubbles on the surface of the
water . These bubbles would then cushion subse-
quent drops and eventually burst resulting in another
high amplitude signal. It was found that a 1 cm thick
layer of cooking oil floating on the water surface sup-
pressed bubble production since the viscosity of the
oil reduced the size of crater formation to the point
where it would not pinch off and create a bubble. This
has been confirmed by recent work by Deng et al.
(2007), who formulated the idea of a capillary num-
ber; the ratio between the viscosity and the surface
tension. However, oil was not suitable for a rain mea-
surement instrument as heavy rain lead to pools of
water on the oil surface and the oil was not stable for
long period due to the growth of algae and bacteria.

As we have not found a way of suppressing bubble
noise, rain parameter estimation algorithms need to
be consistent with typical bubble noise production.

3. THE ACOUSTIC WATER TANK RAIN GAUGE

Data was collected in a water-filled, cylindrical
plastic tank, with a cross-sectional area of 0.38 m2

and a depth of 0.5 m. The tank was lined with a com-
bination of natural rubber and foam to form a semi-
anechoic lining with an attenuation coefficient of ap-
proximately 0.5 at 50 kHz. The purpose of the lin-
ing is to reduce the duration of the impulse response
for each drop impact. Four SRD HS/150 omnidi-
rectional hydrophones were fixed to the inside, bot-
tom of the tank near the edge in the compass direc-
tions. Each hydrophone is connected to a proprietary
charge amplifier designed to optimise the dynamic
range. The amplified signal is sampled at 200 kilo
samples per second (ksps), with 24-bit resolution, us-
ing a PC hosted NI-4462 data acquisition card. The
measurements are archived by the PC.

A Thies Clima Laser Precipitation Monitor (LPM) is
sited within 0.5 m of the tank edge and at the same
level as the water surface. Both instruments are in-
stalled in a suburban garden in Hull, UK [53.76735,-
0.366345]. The instruments are approximately 10
m from the southern aspect of a two-storey house

and there are trees over 20 m tall approximately 50
m from the instruments. Although the situation is
far from ideal for accurate rain parameter measure-
ments, due to disturbance of the wind field by the
buildings and trees, we are interested in comparing
parameters estimated from the LPM and the acoustic
measurements made in the tank. It is reasonable to
expect the two instruments to experience the same
rain parameters.

The LPM is operated in event mode where the di-
ameter and fall-speed of each drop is recorded. This
allows DSD and related parameters to be calculated
with a range of integration periods. A large amount
of data is produced and this will overwhelm the se-
rial data connection at rain intensitys in excess of 100
mm/hr.

4. COMPARISON OF MEASUREMENTS

Over a period of three months beginning in October
2009, rain events were observed with simultaneous
recording of the sound field in the water tank at the
four hydrophones and the drops arriving at the LPM.
The objective was to determine what rain parameters,
at what temporal resolution, could be derived from
the acoustic measurements. Both instruments yield
measurements affected by a range of systematic and
random errors. When comparing measurements it is
important to understand what differences are signifi-
cant. The largest uncertainty is introduced by the rel-
atively small sample volume of the LPM i.e. the drops
recorded by the LPM are unlikely to be representative
of the DSD in the atmosphere above the instruments.
In the paragraphs below we derive expressions for the
uncertainty in measured rain parameters in terms of
the instrument sample volumes.

4.1. Sampling errors in measured rain parameters

Rain measurements typically derive rain parame-
ters from the raindrops in a sample volume of atmo-
sphere e.g. meteorological radar; or the raindrops
that cross a horizontal catchment area in an interval
of time e.g. a rain gauge or disdrometer. The rain-
drops in the sample will have different sizes and rela-
tive positions each time a measurement is performed,
even if the notional rain parameter e.g. rain intensity
or rain kinetic energy, is constant. This yields a tem-
poral fluctuation in the measured parameter around
the notional value and a spread of likely measured
values characterized by a variance.
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The numbers and relative positions of raindrops in
the atmosphere are determined by very complex pro-
cesses including coalescence and break-up, along
with evaporation and turbulent inertial sorting. Al-
though this leads to some clustering, drop arrivals at
a catchment is often modelled as a Poisson process.

The distribution of drops over some small diame-
ter range i.e. , can be modelled as Poisson as drops
of a particular size are likely to have been produced
by different, and uncorrelated, break-up events. The
same arguments hold for the arrival of raindrops at
an instrument catchment area. This has been exper-
imentally verified by Joss and Waldvogel, (1969). If
we assume that the arrival of drops in a small size
interval is a Poisson process, this allows the calcula-
tion of the variation in rain parameters derived from
DSD measurements over a range of integration inter-
vals. The Poisson distribution is discrete and has the
property that the mean is equal to the variance.

4.2. Sample Errors in Catchment Rain Measure-
ments

Instruments such as rain gauges and disdrome-
ters measure rain parameters from the raindrops that
cross a catchment area A in an integration time T.
These instruments can be thought of as sampling a
prism of atmosphere above the instrument with cross-
section A and height V(D)T. This sample volume is
larger for larger raindrops with more rapid fall-speed.
This is an advantage for disdrometers as a higher pro-
portion of large drops are measured, compared to a
volume sampling instrument, yielding better sampling
statistics at the large diameter tail of the DSD. If a
horizontal wind is present, the sample prisms are no
longer perpendicular to A, but have the same volume.

Consider a rain event with a uniform mean rain
intensity of mm/hr. If the sizes of raindrops are
Marshall-Palmer distributed then the mean number of
drops per unit volume, in the diameter interval , is
given by , where is a constant and is a function of the
mean rain intensity. The mean number of drops in
each size range, measured by the disdrometer is:

Ndisd(D)dD = ATV(D)N(D)dD (1)

Where Ndisd(D) is the observed DSD and V(D) is the
fall-speed. Due to the Poisson assumption, the vari-
ance of this measurement is:

Var(Ndisd(D)dD) = Ndisd(D)dD

= ATV(D)N(D)dD (2)

The best estimate of derived from the disdrometer
measurement is:

N(D)dD �

Ndisd(D)dD
ATV(D)

±

√

N(D)dD
ATV(D)

(3)

It is clear that diameter ranges with small numbers of
measured drops yield poor estimates of the number
density of these drops in the atmosphere e.g. a bin
with 10 measured drops yields an atmospheric num-
ber density with a 30% relative error. Note that from
equation 3 the variance is inversely proportional to
the catchment area of the instrument and the mea-
surement integration time. The AWTRG has a catch-
ment area approximately 85 times larger than the
Theis LPM and so would yield rain intensity estimates
with the same standard error using an integration time
85 times shorter.

4.3. Comparison of Tank and LPM Rain Kinetic En-
ergy Intensity

The majority of the kinetic energy (KE) of the rain-
drops landing on a water surface is transformed into
acoustic energy, in a fraction of a second, by a range
of processes. Measurement of acoustic energy al-
lows estimation of the rain KE flux density i.e. the
rate that raindrops falling through a horizontal surface
transport KE, (Steiner and Smith, 2000). The KE in-
tensity due to drops of diameter D is:

IKE(D) =
1

AT
KE(D)Ndisd(D)dD (4)

Where KE(D) = 1/2ρVol(D)V2(D) is the kinetic en-
ergy of a drop of diameter D. The variance in the KE
flux density estimate is:

Var(IKE) =
1

(AT )2

∫ inf

0
KE2(D)Ndisd(D)dD (5)

Writing equation 5 in terms of the atmospheric DSD,
as in 3, concludes that the variance due to sampling
error is inversely proportional to both catchment area
and integration time.

The LPM estimates the vertical component of drop
velocity from the amount of light scattered out of a
horizontal beam, and the duration of the scattering.
Horizontal movement is not detected. The KE of
drops moving horizontally with the wind have higher
KE than drops falling vertically. If drops are moving
with a wind speed W, then the KE is increased to:

KE(D,W) =
1
2
ρVol(D)(V2(D) +W2) (6)
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For moderate wind speeds around 5 ms −1, this dou-
bles the KE of drops of diameter 1.3 mm and greatly
increase the KE of smaller drops.. This KE will be
measured by the tank disdrometer, but not detected
by the LPM.

4.4. Rain Kinetic Energy Flux
Almost all the raindrop kinetic energy is converted

to acoustic energy within a second of impact on the
water surface by a range of mechanisms. The im-
pact pulse and entrained bubble noise, due to the
primary impact and splash products, carry the bulk
of the energy while much smaller amounts generate
surface waves, atmospheric sound and splash prod-
ucts that fall outside the tank. It is reasonable to as-
sume that the acoustic energy measured in the tank
over a second or longer would be very close to the
kinetic energy carried by the raindrops falling onto
the water surface. This hypothesis was tested by
comparing one minute, raindrop kinetic energy ac-
cumulations estimated using the drops measured by
the LPM, with the total acoustic energy measured by
the tank hydrophones. Figure 4.4 is the scatter plot
of these two quantities with error bars indicating the
standard deviations of LPM derived rain kinetic en-
ergy flux density calculated using equation 5 and 6.
The measured acoustic energy needs to be adjusted
at low rain intensities to remove the noise inherent in
the measurement electronics. As the system noise
and rain generated signal are uncorrelated, the total
measured acoustic energy is the sum of noise plus
signal energies. The acoustic energy used in Figure
4.4 is the measured acoustic energy minus the en-
ergy measured during periods without rain.

The kinetic energy of falling drops needs to be cor-
rected for horizontal movement with the wind. Even
for low wind speeds of several meters per second, a
large proportion of raindrops would be moving hori-
zontally faster than they are falling. Wind speed was
not measured and so Figure 2 uses events where
the wind speed was observed to be low. However,
the kinetic energy derived from LPM measurements
is expected to be an under-estimate. This under-
estimation will be more significant at lower rain rates
where more drop kinetic energy is due to horizontal
movement. For this reason the points deviate further
from the regression line than due to sampling errors
alone and more for low energy flux densities.

4.5. Data Resolution
The AWTRG has a much larger catchment area

than the LPM and so, for the same integration time,

it yields estimates of rain parameters with a smaller
error. Alternatively, it yields estimates of rain parame-
ters with the same precision as the LPM with a much
shorter integration time. Consider estimates of kinetic
energy flux density from an instrument with catch-
ment area A and integration time T . We can estimate
the variance using equation 5.

For the notional case of a uniform mean DSD, the
integral in (5) is a constant and the variance in the es-
timate of kinetic energy flux is inversely proportional
to the product of A and T. The tank area is approxi-
mately 85 times the LPM catchment and so the stan-
dard deviation is approximately a ninth of that pro-
vided by the LPM for the same integration time. The
AWTRG provides kinetic energy flux estimates with
the same variance and standard error with an inte-
gration time 1/85th of that of the LPM.

Consider a period of experimental data with a near-
constant KE over an integration period of 1 minute.
For shorter intervals during this minute, by (5) the ex-
pected square deviation of flux density or rain inten-
sity from the average value would be expected to be
inversely proportional to the interval length .

From section 4.3 the KE calculations are highly de-
pendent on the velocity of the raindrop. The slight off-
set within the experimental data in the KE variance is
likely due to a non-zero wind speed around the mea-
surement site. The RI is not as dependent on the
advection speed, so the theoretical model of (4) is
adequate. Despite the dependence on the wind ve-
locity, the principle that the variance is proportional
to the integration time still holds. Hence, neglecting
any noise arising from external or electronic sources
in both instruments, the AWTRG with an integration
time of 0.7 s can deliver data as accurate as the LPM
using one-minute integration times.

5. RESULTS AND DISCUSSION

Over 2 months worth of rainfall data, where the
maximum rain intensity of an event was greater than 1
mm/h, were collected during October and December
2009 to compare the AWTRG?s acoustic intensity to
the LPM?s kinetic energy readings. From section 4.3,
a relationship exists between the KE of the impacting
drops and the total sound field. To prove this relation-
ship a suitable sum of the spectra of the AWTRG was
chosen between 1-50 kHz to remove any unneces-
sary and noisy parts of the spectrum. Another option
was to monitor an individual frequency bin similar to
the work of Ma et al. (2005), and Nystuen (2001), in
which a slight improvement in terms of its variance
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Figure 2: A comparison of LPM derived raindrop kinetic energy flux density with total acoustic energy integrated over one minute. The error
bars indicate uncertainty due to sampling errors and the linear regression line is in grey.

was found at 2.8 kHz for the KE and 1.5 kHz for the
RI. Ma used the energy at 5 kHz, indicating that the
optimal frequency is dependent on operating condi-
tions. Figure ?? is a plot of the collected data show-
ing the relationship. The relationship between the two
is clear on a log-log plot, indicating a power law fit.
Using least squares regression (LAR method) the fol-
lowing parameters were found to fit the data:

y = 0.3778x0.819 (7)

After linearising using equation 7, the correlation co-
efficient is found to be 0.92.

By negating the acoustic intensity data by the in-
tensity with no rain, a noise floor is indicated. From
the regression in Figure ??, a noise floor can be seen
in the AWTRG data, which occurs at kinetic energy of
approximately 0.07 J; although this value is also af-
fected by the variance. This is due to inherent noise
from the electronic circuitry coupled with any exter-
nal interference. From equation 6 it can be seen that
the wind speed greatly affects the kinetic energy, and
hence the acoustic intensity. This manifests in the
data by increasing the variance since no discrimina-
tion between event wind speeds has been made. The
remaining variance can be attributed to the random
nature of DSD parameters (see equation 2). Further
logarithmic relationships between the RI and the KE

and the natural fluctuations dependent on the type of
event have been reviewed by Salles et al. (2002).

Figure 5 shows an example rain event in time (1
minute integration time) which compares readings
from the LPM with that from the AWTRG calculated
with equation 7. A similar process can be performed
for the laser disdrometer’s rain intensity which has a
slightly lower correlation coefficient, (0.90) (c.f. Figure
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Figure 3: An example rain event comparing the measured KE be-
tween the LPM (grey) and AWTRG (black).
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5), which yields the following parameters:

y = 0.0715x0.6411 (8)

Again, a noise floor can be seen within the data
which corresponds to 0.02 neglecting the variance.
Since the change in wind speed has little effect on
the RI (see section 4.3) the majority of the variance is
caused by the variability in DSD parameters. Figure 5
shows the RI for the same example event as Figure 5.
Nystuen (2001), measures the relative performance
of different disdrometers by the means of a correla-
tion coefficient. The coefficients range from 0.79 to
0.94 indicating that both the KE and RI conversions
perform at least as well as other disdrometers.

Section 4 established that it is feasible to increase
the temporal resolution of the data to below 1 sec-
ond. Using this information as a verification, an ex-
ample rain event can be examined (using parameters
derived from the minute-long integration data) in Fig-
ure ?? to 5. The data has been reduced to 10 and 1
second intervals with the original 60 second laser dis-
drometer data overlaid for comparison (circles). The
data in the 1 second plots (c.f. Figure ?? and 5) show
that once the resolution is high enough, short term
variations in the kinetic energy and the rain intensity
are clearly visible.

6. CONCLUSIONS

The relationship between sound intensity and
droplet kinetic energy has been studied experimen-
tally to find the two are correlated, to the point which
accurate predictions of the KE and RI are possible
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Figure 5: An example rain event comparing the RI between the
LPM (grey) and AWTRG (black).

from the total sound field. The correlation coeffi-
cients obtained perform adequately when compared
to other disdrometers. To further improve this rela-
tionship, real time sub-second wind data is to be in-
tegrated into the AWTRG to reduce the adverse ef-
fect where the wind increases a rain drop’s velocity to
something other than its terminal velocity.

From the results it can be seen that the instan-
taneous values of KE and RI can be much higher
than any disdrometer with a one minute integration
time describes, which ultimately affects soil erosion
rates and possible communication link downtime. It
also shows that there are periods where the RI is
much lower than anticipated, at least for a short time.
For example, using this information a link?s transmit
power could be reduced for this period to save en-
ergy reduce costs, and increased to improve reliabil-
ity. The reliability of this temporal reduction has been
rigorously proven to be dependent on the catchment
area; hence the results are at least as accurate as
comparable commercial disdrometers at a fraction of
the integration time.
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