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In the last decades the increasing occurrence of extreme weather events in urban areas 

has highlighted some weakness and gaps of the observing network systems used by civil 

protection organizations. More specifically, the precipitation parameter is characterised 

by very high spatial and temporal variability so that the measurement networks fail to 

monitor it with the necessary precision and rarely are able to distinguish the type of 

precipitation to provide meaningful information at urban scale.  

Polarimetric weather radars are instruments that can extract information about the type 

of precipitation, but they are expensive and often characterized by difficulties during 

installation procedures (obtaining authorizations, risk for population exposure to 

electromagnetic fields, etc.). Disdrometers are able to characterise the precipitation type 

also on the different height levels of the vertical atmospheric profile above their 

installation sites. 

In this work, an innovative, very low cost instrument for characterizing precipitation in 

terms of both rain rate and raindrop size is presented. The instrument is an acoustic 

disdrometer working with the same principle as an ordinary microphone that converts 

sound waves in electric signals. A piezo detector, fixed to the bottom layer of the acoustic 

disdrometer, converts the vibrations caused by the drops impacting the instrument to an 

electric signal, which is the input for data logger and processing. 

After some preliminary laboratory tests the instrument was placed on the roof of the 

LaMMA Consortium, where an operational tipping bucket raingauge is also available. 

The signal provided from the piezo-element is then registered from the acquisition card 

and converted in wave format files. 

The signal processing is composed of two analysis algorithms; the first one is in the time 

domain, where the signal amplitude can be easily managed and the waveforms caused 



by the raindrop are characterised by an initial peak followed by damping oscillations due 

to the relaxation of the piezo-element to the equilibrium state. The hydrometeors 

impacting the sensor are distinguishable by displaying their amplitude versus time, as 

the amplitude of the initial peak is much greater than the background noise. The peak 

amplitude is correlated to the size of the impacting drop, as well as the transient time. 

The number of raindrops falling in a certain time interval is correlated to the rain rate 

in the same time interval. The chosen time interval is 1 minute. Some analysis 

limitations are due to the background noise amplitude introduced by the cable and the 

sensor and the external acoustic noise (i.e introduced by air conditioning machines in 

proximity of the sensors, traffic noises, airplanes, etc…) 

The second processing algorithm is in the frequency domain: Short Time Fourier 

Transform (STFT) was performed. The preliminary STFT analysis in the frequency 

domain shows very clearly the impact of the hydrometeors, as the signal consists of a 

wide spectral dynamic. The selected case study, relative to a short time period in which 

eight hydrometeors impact the sensor, shows that the eight drops can be clearly 

recognized in the frequency domain but not easily in the time domain. This behaviour 

persists even in the quantitative analysis of the signal, as the frequency domain is more 

sensitive and can more directly extract information. For this case, a short time interval 

(1 s) has been chosen to avoid too many impacts of hydrometeors, a circumstance that 

would make unclear the example. 

The calibration of the disdrometer capabilities has been carried out by measuring the 

response to known size and speed hydrometeors similar to that of a typical rainfall event. 

 

 

 


