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[bookmark: _Toc492749445]1	Scope
[bookmark: OLE_LINK131][bookmark: OLE_LINK132][bookmark: OLE_LINK133]This document describes the recommended methods to be used when processing disdrometer measurements for submission of data to the SG 3 experimental Table IV-12: “Statistics of rain drop size distribution”.
[bookmark: _Toc492749446]2	Introduction
[bookmark: OLE_LINK72][bookmark: OLE_LINK73]The impact of rain on a propagating wave depends on the frequency, polarization, elevation angle of the slant path and characteristics of the rain event [1]. The specific rain attenuation is influenced not only by the rain rate, but also by the shape of the drop size distribution (DSD), which can cause significant differences [2].
[bookmark: OLE_LINK63][bookmark: OLE_LINK64]This fascicle focuses on ground disdrometer measurements. A disdrometer is an instrument used to measure the DSD and velocity of falling hydrometeors, among other parameters. There are three main types: Video, acoustic and impact disdrometers. Not all disdrometers of a certain type rely on the same measurement process (e.g. some video disdrometers measure drops passing through the sampling area from the scattered light, whereas others do it from the occluded light). Different models are available including: 2D-Video-Disdrometer (2DVD), 1D-Video-Disdrometer (1DVD), THIES Laser precipitation monitor, Joss-Waldvogel Disdrometer (JWD), Vaisala RAINCAP Sensor… etc. Some disdrometers can distinguish between rain, graupel, and hail. 2D video disdrometers can be used to analyse individual particles.
[bookmark: OLE_LINK74][bookmark: OLE_LINK75][bookmark: OLE_LINK76][bookmark: OLE_LINK77][bookmark: OLE_LINK84][bookmark: OLE_LINK85][bookmark: OLE_LINK78][bookmark: OLE_LINK83][bookmark: OLE_LINK12][bookmark: OLE_LINK13]The statistical characterisation of the rain drop size distribution can be applied to improve the accuracy of rain attenuation prediction models [3, 4, 5]. Measurement campaigns around the world put in evidence that the DSD shapes are influenced by the geographic and climatic characteristics, with the largest differences observed between maritime and continental climates [6]. Figure 1 presents an exemplary selection of locations with long-term DSD measurements. Although this figure shows a preliminary list of currently available measurement datasets, a good coverage of various climates and geographic regions is already achieved.
[bookmark: _Ref413918905][bookmark: OLE_LINK28][bookmark: OLE_LINK31]Figure 1
Some locations of long-term 2DVD measurements
[image: E:\merhala\EuCAP_2015\global_map_points.png]


[bookmark: OLE_LINK88][bookmark: OLE_LINK86][bookmark: OLE_LINK87]A table containing annual mean values of local DSD measurements conditioned to rain rate was added to the SG 3 experimental databank in Part IV (Radiometeorological data): Table IV-12: “Statistics of rain drop size distribution”. This table refers explicitly to rain drops, so it is thus necessary to exclude all other particles from the analysis. This fascicle describes how to pre-process raw disdrometer data to filter out spurious data and non-rain particles.
[bookmark: _Toc492749447]3	General description of disdrometer data pre-processing
[bookmark: OLE_LINK89][bookmark: OLE_LINK90]The objective of the disdrometer data pre-processing is to remove false rain detections such as:
[bookmark: OLE_LINK50][bookmark: OLE_LINK51][bookmark: OLE_LINK52]–	Any non-rain particles (e.g. snow particles with large diameter and low velocity)
–	Splashed drops after hitting instrument surfaces
–	Particles falling through the edges of the sample area
[bookmark: OLE_LINK61][bookmark: OLE_LINK62]–	Eventual system artefacts.
Observations of particles with anomalous fall velocities and diameters could be attributed to wind effects should also be identified and analysed in a specific way.
[bookmark: OLE_LINK91][bookmark: OLE_LINK92]The preferred approach when using video disdrometers is to compare the relationship between the fall velocity of the particles and their diameter against widely accepted models in the literature such as Atlas et al. [7] and Gunn, R. and G. Kinzer [8].
The model by Atlas et al. [7] represents an analytically closed form for the computation of the fall velocity as a function of the rain drop size.
		          (m/s)	(1)
More precise models for the fall velocity of raindrops could be used to take into account also the effects of location height above mean sea level, atmospheric pressure and climatic variability.
[bookmark: _Toc492749448]4	Discussion on specific instruments
[bookmark: _Toc492749449]4.1	2D-Video-Disdrometer data processing description
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK3][bookmark: OLE_LINK93][bookmark: OLE_LINK94]The 2D-Video-Disdrometer measures single particle parameters and derives drop size distribution and other parameters with an adjustable integration time. 
[bookmark: OLE_LINK69][bookmark: OLE_LINK70]The operational principle is depicted in a schematic fashion in Figure 2. The device contains two optical paths: two CCD line scan cameras are directed towards two illumination units. Objects passing through the measurement area – determined by the cross-section of the two optical paths as seen from above – obstruct the light and are detected as shadows by the cameras. Individual precipitation particles are identified matching their views from camera A and B.
In order to reconstruct observables like falling velocity, oblateness, etc., the two optical paths are displaced vertically by a distance of about 6 mm. Measuring this distance and adjusting the background illumination are the two major calibration and maintenance tasks necessary for the correct operation of the device
[bookmark: OLE_LINK71]Figure 2
Measurement principle of the 2D-Video-Distrometer
[image: C:\Users\felix\AppData\Local\Microsoft\Windows\INetCache\Content.Word\measurement principle.png]
The instrument software is used to analyse the raw data and obtain the characteristics of each detected drop. The parameters of interest for the pre-processing are: diameter, fall velocity, volume and effective measuring area.
Fall velocity of each drop is measured by the time the particle takes for proceeding from camera A (upper system) to camera B (lower system), as sketched in Figure 3. To minimize quantization effects, the mean of (t2-t0) and (t3-t1) is considered. The height distance between the two optical planes is calibrated using high precision steel spheres.
Figure 3
Fall velocity calculation
[image: C:\Users\felix\AppData\Local\Microsoft\Windows\INetCache\Content.Word\fall velocity calculation.png]
When determining the drop size distribution, the 2D-Video-Distrometer considers only particles that are totally within the common field of view seen of the two cameras. The effective sensing area therefore depends on the size of the recorded particles (Figure 4). For a particle diameter D (mm) the effective sensing area is:
		                 (mm²)
with L being the side length of the quadrate sensing area.
[bookmark: OLE_LINK65]Figure 4
Effective sensing area of the 2DVD for precipitation particles with diameter D
[image: C:\Users\felix\AppData\Local\Microsoft\Windows\INetCache\Content.Word\2DVD sensing area.png]
For the pre-processing and filtering of the data, the histogram of fall velocity vs. diameter is generated using observation of each particle. The procedure is explained in the following and Figure 5 is given for illustration.
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK54][bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: OLE_LINK27]Each particle is compared against the model given by Atlas et al. [7]. The selected metric is the orthogonal distance to the model in the v(D) graph (length of the normal vector in the velocity vs. diameter grid), which allows keeping the most significant amount of measured particles, especially when considering the lower diameters and velocities. The threshold for this comparison is chosen for each experimental site analysing a statistically significant set of samples. It stems from local characteristics of precipitation, e.g., if strong winds are common, the v(D) distribution widens up and the threshold has to be set accordingly to slightly higher values.
In the example in Figure 5, a length of the normal vector of 1.2 was chosen as threshold. This resulted in filtering out 3.5% of the total rain fall, corresponding to by drops outside of the marked area. It is worth noting that the steel spheres of 4 mm diameter used for the calibration of the 2D-Video-Disdrometer are present in the raw distribution and are of course filtered out from the dataset during the pre-processing.
[bookmark: OLE_LINK57]Figure 5
[bookmark: OLE_LINK49][bookmark: OLE_LINK53]Cumulative count of particles (in logarithmic scale) in a velocity vs. diameter grid, recorded in Graz (Austria) during the year 2014. Red line: Model by Atlas et al. [7]. Green lines: thresholds for non-rain decision. Using a vector normal to the model of length 1.2, 3.5 % of the total rain fall is filtered out.
[image: C:\Users\felix\AppData\Local\Microsoft\Windows\INetCache\Content.Word\drop distribution mod.png]
The establishment of annual DSDs from individual drop information follows the classic approach:
1	The year is divided in intervals of duration integration time t
2	The DSDs are computed for these intervals using equation (1), which gives the drop number density:
		        (1/m3mm)	 (1)
where:
	i	denotes a particular drop size class;
	Di	width of drop size class (mm);
	t	time interval (s);
	j	denotes a particular drop within size class Di and time interval t;
	mi	number of drops within size class i and time interval t;
	Di	mean diameter of drop size class i;
	Aj	effective measuring area for drop j (m²);
	vj	fall velocity of drop j (m/s).
1	The resulting DSDs are categorized according to the rain rate computed with equation (2):
		      (mm/h) 	(2)
where
	t	time interval (s);
	i	denotes a drop;
	n	total number of fully visible drops measured during the time interval t;
	Vi	volume of drop i (mm³);
	Ai	effective measuring area for drop i (mm²).
2	Finally, the yearly mean DSDs conditioned to rain rate are computed to fill Table IV-12.
[bookmark: _Toc492749450]6	Conclusion
This document describes the recommended methods to be used when processing disdrometer measurements for submission of data to the SG 3 experimental Table IV-12: “Statistics of rain drop size distribution”.
Table IV-12 refers explicitly to rain drops, so it is thus necessary to exclude all other particles from the analysis. This fascicle presents the objectives and methodology to pre-process raw disdrometer data filtering out spurious and non-rain particles.
The operational principle, calibration methodology and parameters of interest for one type of video disdrometer (2D-Video-Disdrometer) are introduced. The preferred approach when using video disdrometers, comparing the relationship between the fall velocity of the particles and their diameter against a model, is described with examples.
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