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Abstract. We document precipitation in the southwestern 2 Instruments and method
part of Greece with the National Observatory of Athens

(NOA) X-band radar, NOA 2D video disdrometer and a net- t,4 National Observatory of Athens (NOA) mobile Doppler
work of rain gauges. The observ_at|0ns were collected beX-band polarimetric XPOL radar was deployed to record
tween February and April 2004. Time evolution of the drop e cinitation in Southwestern part of Greece. The scan strat-
size distribution (DSD) is presented for the 9 March 2004 o o hjied in the present field experiment consisted in suc-
case where rain rate (computed on 1-min perlod) Was Medzeassive surveillance scans at a single elevation (2.1 deg). The
sured up to 80 mm/h and reflectivity at the location of the 4o \vas set up to record the precipitation at high temporal
disdrometer exceeded 40 dBZ. We then present the differy,y gpatial resolutions. The duration of each surveillance
ences of DSD as function of the rain rate for the studied Cas€.an was on the average of 1 min. The range gates were set
as well as for the entire observations of the field experimentat 150 m and the radar range did not exceed 67 km. The scan
It shows th_at higher the rain rgte is, Iarger. the range of thestrategy was imposed by the fact that a second instrument
DSD and higher the concentration of the raindrops are. (¢ considered for the present study) was deployed over sea.
Almost no RHI scans were performed over the disdrometer
due to technical problems with the servo amplifier control-
ling the motor moving the antenna along the elevation. More
than half of the region scanned by the radar was over sea.

1 Introduction

Precipitation exhibits high variability in terms of intensity as ~ NOA also deployed a 2-D video disdrometer to document
well as spatial distribution. Weather radar remains the mosthe characteristics of the raindrops. The disdrometer was
suitable sensor to record and track the spatial distribution ofocated 9 km away from the radar. The disdrometer con-
the precipitating cells as well as to measure the intensity okists in two perpendicular 0.2 mm-resolution CCD scan lines
the rain while rain accumulation and rain rate can be obtainedecording the shade of the raindrops passing through two
locally, and easily, with rain gauges and disdrometers. Inlight beams illuminating the CCD lines (Sahhuber, 1998).
addition disdrometer provides details on the raindrops suctAlgorithms are applied to combine the observations of each
their size or their orientation. Drop size distribution (DSD, camera in order to identify the raindrops (seen by both cam-
concentration of rain drop per size bin) of the raindrops caneras in their common field of view) and determine some
then be investigated as well as properties and regimes of prgshysical characteristics of the raindrops such as their record-
cipitation during the entire life of rain events passing over ing time, their equivalent diameter, their vertical velocity or
the disdrometer. We present here some results of an ontheir oblateness.

going analysis of the data collected during the 2004 lonian Additionally tipping-bucket rain gauges were deployed
Sea Rainfall Experiment (ISREX-2004), which took place \yithin a dense network over land to measure rain accumu-
in Methoni on the coastline of the lonian Sea (Peloponneseyqion and rain rate at different locations. Three rain gauges
southwestern part of Greece). Different types and regimes ofyere aiso deployed few meters away from the disdrometer.

rain were sampled and we present here an overview of their , ,
characteristics based on the measurements of the disdrome:vISIbIe and _Infrared METEOSAT images as_well as light-
ter ning observations from long-range UK MetOffice ATD sfer-

' ics sensors were used to bring additional information on the
Correspondence tde. Defer precipitating systems and clouds during both field experi-

(defer@meteo.noa.gr) ment and analysis of the cases.
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Fig. 1. (a)time series of the number of raindrops per n{l); rain rate computed every minute from observations of the disdrometer and one

of the nearby rain gauge&) raindrop concentration for different 0.2 mm bins of equivalent diameters (0.6-0.8, 1-1.2, 2-2.2 and 5-5.2 mm)
and uncorrected reflectivity measured at the location of the disdrometer; (d): iso-contours of drop size distribution as function of time (x-axis:
time; y-axis: equivalent diameter; colours: raindrop concentration). Top panels: 1-min drop size distributions at different times (times are
indicated in each panel).

Table 1. Rain rate classification. 3 Case of the 09 March 2004

The rain event studied here occurred during 9 March 2004

Rain Rat /h . .
ain Rate (mm/h) and lasted for more than 6 h. Figure 1 presents a synthesis

Type min max of the typical parameters computed from the observations of
very light _ <1 different rain sensors for more than 3 h of rain. The analysis
Light 1 2 of the times series of the DSD showed that different regimes
Moderate 2 5 of precipitation occurred during the studied event (Figs. 1c

Heavy 5 10 and d). From 10:00 to 10:45 UT very light rain was measured

Very heavy 10 20 at the location of the disdrometer and the equivalent diameter
Extreme >20 - of the raindrops did not exceed 2 mm (Figs. 1c and d). Just

after 10:45 UT a new regime of precipitation started with
higher concentration of raindrops compared to the previous
45 min (Fig. 1d). Between 11:00 and 11:15 UT the disdrom-

The method applied to analyse the data consists in retrieveter reported the highest concentration as well as the largest
ing the characteristics of the raindrops based on the 2DVDraindrops of the entire rain episode (Figs. 1c, d and DSD plot
observations. Rain amount, rain rate and DSD are comat 11:10 UT, top of Fig. 1). From 11:15 to 11:40 UT sig-
puted from the 2DVD data on a basis of 1-min time reso- nificant concentration of raindrops with small diameter was
lution. Rain rate was also determined from rain gauges lo-measured while the spectrum of DSD was less spread than
cated nearby the disdrometer. Surveillance reflectivity scansluring the previous regime of rain (Figs. 1c, d and DSD plot
were plotted and animation of reflectivity images was usedat 11:35 UT, top of Fig. 1). After 11:40 UT the range of DSD
to investigate the motion of the precipitation as well as thevaried little (Fig. 1d) even if the concentrations of raindrops
intensity of the rain. Finally reflectivity above 2DVD was were varying as function of time with an overall decreasing
retrieved from the radar dataset. trend (Fig. 1c).
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During the period 11:00-11:15 UT, the rain rate exceeded
40 mm/h during more than 5 min (Fig. 1b). It is also during
that period that the number of droplets reported by the dis-
drometer was the highest for the entire rain event (Fig. 1a).
This intense precipitating regime was characterized by high
concentrations of raindrops as well as by a large spectrum of
the DSD as shown in Figs. 1c and d.

Figure 2 shows different surveillance scans of (uncor-
rected) reflectivity at three different times. At 11:10 UT
reflectivity above 40 dBZ was measured over the location
of the disdrometer (Fig. 2a) while at 11:35 and 11:50 UT
XPOL reported reflectivity above 25 dBZ (Figs. 2a and c).
As expected high reflectivity was recorded for periods dur-
ing which both raindrops with large diameter and high rain-
drop concentration were measured. It can also be seen in
Fig. 1c by comparing the times series of the reflectivity mea-
sured above the disdrometer (red solid line) and the different
concentration of raindrops.

We extended the analysis by investigating the DSD
changes as function of the rain rate (RR) for the studied day
based on the measurements of the disdrometer (Fig. 3). Ta-
ble 1 provides the definition of the types of rain and their RR
ranges (Tokay et al., 1996).

For very light rain (RR<1 mm/h) and for a given size bin,
rain drop concentration exhibits significant large variation in
amplitude (up to three orders of magnitude, Fig. 3). Addi-
tionnally the diameter of the raindrops hardly exceeds 2 mm.
At larger RR, larger raindrops are observed and the concen-
tration of raindrop for a given bin size increases. For in-
stance, and for the present studied case, the concentration for
raindrops with diameter up to 2 mm is about 10 times larger

for extreme rain event (RR20 mm/h) compared to moder- .
ate rain event (2RR<5 mm/h) while larger raindrops are
measured during extreme rain events. 52
D

. 392
4 Overview of the cases =
Figure 4 presents DSD as function of the rain rate based on 26 E
the measurements of the disdrometer collected during 98 h o
of rain. Only 26% (16%) of the total period with rain ex-
hibited RR>1 (2) mm/h (computed on 1-min time resolution =
as indicated in Sect. 2). The disdrometer collected very
few samples during very heavy to extreme events. How- 0

ever it should be noticed that significant reflectivity (above
40 dBZ) was measured during some of the precipitatingF, 2 Reflectivity at 2.2 elevati t different ti ithi
events recorded during the field experiment but those high- 9. 2 Retectivity at 2.1 elevalion at difierent imes within a

flectivit lIs did not b the disd t 40x40 km box centred at the radar location. The white arrow
retiectivity cells did not pass above the disdrometer. points to the location of the disdrometer. The angular sectors cen-

For very light rain (RR<1 mm/h), we observed more often e 4t 180 degrees azimuth (South) and between 320-&6@uth
raindrops with diameter less than 1 mm with concentration(North-North-West) were blocked by nearby hills.
ranging from 10 to 100 drops mm mm~1. We observed
also some large raindrops but less frequently and also small
raindrops &1 mm) at high concentration. Investigations are but large variations of concentration are still existing for a
underway to determine if those two categories of raindropsgiven size bin. Current investigations are underway to com-
are real or due to instrumental errors. pare our measurements and their validity to the different dis-
For RR ranging from 1 to 10 mm/h, we can observe thattributions that have been published in the litterature.
the DSD seems to be distributed along a specific distribution
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Fig. 3. Drop size distributions at different rain rates recorded during the 9 March 2004 case.

Even if the number of 1-min periods with high rain rate rainfall from NOA XPOL radar measurements based on the
(>10 mm/h) is small it is interesting to see that during that calibration of the radar with the disdrometric measurements.
periods large raindrops were observed and the concentration

of small raindrops was less than what was measured durin%c'_‘”ow'‘5‘0'9‘5‘mentSThis work is financed by the European
very light to heavy rain. nion (75%) and the Greek Ministry of Development (25%) in

the framework of the program “Competitiveness — Promotion
of Excellence in Technological Development and Research —
Excellence in Research Centers, Action 3.3.1".

5 Further investigations ) _
Edited by: L. Ferraris

L Reviewed by: anonymous referee
The present work presents some results of an on-going inves-

tigation. It presents the first measurements of DSD in Greece

and on the coastline of the lonian Sea. Unfortunately theReferences

samples associated with significant rain are relatively small

in order to consider the results as being statistically represenSctonhuber, M. About interaction of precipitation and electromag-
tative. It suggests that other observations are needed to doc- N€tic waves, PhD thesis, Institute of Communications and Wave
ument the high rain rates. However the present observation.?oPmpagat'on' Technical University Graz, 1998.

are still providing some insights for very light to moderate kay, A and Short, D.: Evidence from tropical raindrop spectra
P 9 9 ylig of the origin of rain from stratiform versus convective, J. Appl.

rains. Meteor., 35, 355-371, 1996.
We will continue analyzing the disdrometric data and more

specifically some other parameters such as oblateness or ver-
tical velocity. We will also compare DSD that was deter-
mined here with other DSD published in the litterature. We
will also relate the disdrometric observations to determine
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Fig. 4. Probability of drop size distribution at different rain rates recorded during the entire field experiment. DSD bin set at 0.2 mm. The
number on the right of the title of each panel gives the total number of minutes with the given RR. The numbers just below each colour bar
give the range of the number of DSD values for a given size bin and a given concentration bin.



