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1. Introduction 
The observations of maximum size of raindrop and associated precipitation process are scarce due to the limitation of 

instrumentation. Despite the evolution of the drop size distribution (DSD) of rain and corresponding microphysical process 
are essential to understand and better simulate precipitation process with numerical model, the observations of DSD and 
microphysical characteristics of precipitation systems can only obtained with limited in-situ and remote sensing instruments 
(e.g. cloud particle imager, disdrometer and polarimetric radar, etc.). 

 
Laboratory and theoretical studies indicate that individual water drops in free fall can reach diameters of ~ 10 mm before 

spontaneously breaking up (Pruppacher and Pitter, 1971). Nevertheless, observation of large raindrop reaching laboratory 
and theoretical size is rear due to complicated environment (e.g. turbulence, collision with other raindrops, etc) in a 
precipitation system. The observational studies of large raindrop are mainly in-situ measurement within the cloud. Beard et 
al. (1986) and Hobbs and Rangno (2004) measured raindrops with maximum dimensions of up to 8 to 10 mm in shallow 
convective rainbands using an airborne PMS 2D-P.  Takahashi et al. (1995) using precipitation particle image sensors (PPIS) 
obtained large raindrops with maximum horizontal dimensions of 10 mm in tropical clouds. In terms of ground-based 
measurements, the observation of such big raindrop from surface disdrometer is relatively few. Fujiyoshi et al. (2008) using 
2D-Video disdrometer (2DVD, Schönhuber et al. 1997, Kruger and Krajewski 2002) obtained large raindrops with 
maximum equilibrium diameter 8.59 mm. 

 
During SoWMEX/TiMREX field project in 2008, four different types of disdrometer were deployed in southern Taiwan 

to collect the measurements of DSD of rain. One of the disdrometers, 2D-Video disdrometer (2DVD), collected a 
measurement of giant raindrop with 9.92 mm in horizontal diameter and 7.46 mm in equilibrium diameter. Two other 
disdrometers, Precipitation Occurrence Sensor System (POSS: Sheppard 1990) and Joss-Waldvogel Disdrometer (JWD: Joss 
and Waldvogel 1967) collocated at the same observation site within 5 m distance to 2DVD were also collecting the 
observation of DSD of the same precipitation system. 

 
In this research, data from NCAR SPOL radar and three disdrometers (2DVD, JWD, POSS) will be analyzed. Two main 

questions will be investigated, 1) the measuring difference between different type of disdrometers under large raindrop 
precipitations and 2) the associated microphysical process of the precipitation system. 

2. Didrometer measurement data 
 
The biggest raindrop collected at 06:34:21 UTC (locale time = UTC + 8) on May 31th, 2008 by 2DVD is shown in Fig. 1.   

The 2DVD is an electronic optical device that provides the digital image of the falling particles from two perpendicular 
optical planes. Digital images from two line scan cameras are matched to derive fall velocities and to correct shape 
distortion. The corrected widths from front and size view are 9.92 and 8.40 mm, respectively. The fall velocity is 9.08 m/s 
and the value is well matched with the theoretical terminal velocity.  The values of axis-ratio are about 0.49 and 0.60 from 
two cameras. 
 

The time-series of minutely DSDs observed by 2DVD and collocated POSS and JWD are shown in Fig. 2. The 2DVD 
indicates higher concentration of raindrop size less than 1.0 mm compared with POSS and JWD. Nešpor et al. 2000 has 
shown that the oversampling issue in small raindrop of 2DVD caused by the turbulence near the optical planes. Regarding 
the fall velocity filter suggested by Kruger and Krajewski 2002 has been applied, the oversampling issue remains. As 
expected, JWD and POSS cannot provide measurement of raindrop size larger than 5.34 and 5.37 mm, respectively. The 
measuring principle is the reason causing this limitation. The POSS measures average Doppler power spectra every minute 
and inverts them into DSDs with mean diameter from 0.34 to 5.34 mm. The JWD is an impact-type device measuring from 
0.35 to about 5.37 mm.  
 
 The hourly averaged DSDs and rainfall rate of three disdrometer from 06 to 07 UTC are derived for comparison as shown 
in Fig. 3. The JWD shows lower concentration of raindrops between sizes 4 to 5.34 mm, in the other hand, the 2DVD and 
POSS have comparable measurements as shown in Fig. 3(a). The relatively lower DSD from JWD may be caused by 
insufficient “dead-time” correction (Sheppard and Joe 1994) of raindrops larger than 5.35 mm. After measuring one larger 
raindrop requires longer time for sensor to recover and measure the next raindrop. In the other hand, the 2DVD and POSS 
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can continuously sample due to the advantage of measuring principle. Between raindrop sizes 2.5 to 4 mm, both JWD and 
POSS show higher concentration of raindrops. Between 1 to 2.5 mm, 2DVD and JWD show comparable measurements. 
However, 2DVD show much higher concentration compared with JWD in raindrop size less than 1 mm. The POSS show 
lowest concentration in the raindrop size less than 2.5 mm.  
 
 The total hourly rainfall rates are 10.86 mm/hr (2DVD), 8.76 mm/hr (JWD), 15.45 mm/hr  (POSS) and 10.52 mm/hr 
(Tipping bucket) from same time period and averaged hourly DSDs. The 2DVD show best comparable measuring to tipping 
bucket which is a well calibrated AWS belonged to Central Weather Bureau of Taiwan. In the Fig. 3(b), the hourly total 
hourly rainfall rates are shown as accumulative rainfall with the increasing of the raindrop size. It shows that the 
underestimation of hourly rainfall is mainly caused by the underestimation of the concentration of raindrop size larger than 4 
mm. The overestimation of hourly rainfall rate of POSS is caused by the overestimation of raindrop size between 2.5 to 4.0 
mm instead.  

3. Precipitation system 
 
    The precipitation system is initiated by a guest front induced by a cold outflow of the past precipitation and onshore sea 
breeze. The guest front can be noticed at lowest elevation angle (0.50). The time series of reflectivity of different elevation 
angles from NCAR SPOL radar are shown in Fig. 4, the precipitation system is first observed at 05:37 UTC at 6.5 degree 
elevation (about 2.5 to 4.0 MSL, red circle). According to fuzzy logic particle identification (PID, Vivekanandan et al. 1999) 
in Fig. 5, it shows the precipitation at early stage is mainly drizzle cloud. After 15 minutes (05:52 UTC), the system moves 
easterly and evolves more intense and the rain first reached the surface. The system further propagates toward east into 
mountain area and dissipates at 0637 UTC. 
 

Possible precipitate ice particles (rain-hail, grauple-small hail or rain-graupel mixing) are suggested by the PID from 1.80 
to 12.80 elevation angles at 0552 UTC, nevertheless, the existence of precipitate ice particles remains questionable. More 
pronounced signature of precipitate ice particles are found at 12.80 elevation angle, 0607 UTC. A close look of the 
polarimetric measurements and particle identification (PD) from NCAR SPOL is shown in Fig. 6. The higher values of DBZ 
(50 dB) and LDR (-23 dB), near zero ZDR and lower values of RHOHV (0.97) suggest highly possible precipitate ice 
particles. The lightning data also shows that the lightning becomes active from 0607 UTC and reach maximum lightning 
numbers (17 flashes) at 0630 UTC, thus flash number reduces. It also can be seen that the possible precipitate ice particles 
dissipates at 0637 UTC. 
 
 The values of ZDR measurement from NCAR SPOL increase gradually with the evolving of the system, the first high 
ZDR can be found at 0600 UTC and the values can be up to 5.0 dB. The high ZDR values remain about 15 minutes. The 
altitude of high ZDR value region is about 3.0 ~ 4.0 km, the precipitate ice particles are found at the same time at higher 
altitude. Subsequently, the region of high ZDR descents to lower altitude. The second high ZDR can be found at 2.0 km, 
0630 UTC. The values of ZDR increase with descending of the altitude. The collision-coalescence mechanism may be the 
main reason for high values of ZDR with downward increasing distribution.  Instead of collision-coalescence mechanism, 
first high ZDR may be contributed by the melting of precipitate ice particle.  

4. Summary 
    A large raindrop case from sub-tropical convective precipitation during SoWMEX/TiMREX field project in 2008 is 
investigated. A surface 2D-Video disdrometer (2DVD) collected the measurement of giant raindrop with 9.92 mm in 
horizontal diameter and 7.46 mm in equilibrium diameter at southern Taiwan. 
 

From disdrometer data analysis, the DSDs observed by a 2D-Video disdrometer show the large raindrops are associated 
with low concentration of raindrop. In the meantime, the JWD and POSS disdrometer measuring DSDs via the relation 
between drop size and terminal fall velocity of rain indirectly or directly. Nevertheless, the relation saturate at raindrop size 
about 5.5 mm. The JWD disdrometer not only underestimates the DSD of raindrop size between 3.5 mm to 5.4 mm but also 
miss the raindrops greater than 5.4 mm. The relatively lower DSD from JWD may be caused by insufficient “dead-time” 
correction. The POSS overestimates the concentration of raindrop sizes between 2.5 to 4 mm. Overall, the 2DVD provide 
better rainfall observations than JWD and POSS by comparing with a nearby AWS rain gauge.  
 

Both the characteristics of polarimetric measurements and lightning data suggest that the precipitation system contains 
precipitate ice particles and associates with lightning activity at mature stage. The larger raindrop (higher ZDR value) can be 
notice at two different time and altitude. The first high ZDR appears at higher altitude and associate with precipitate ice 
particles and active lightning. The second high ZDR appears at lower altitude and the values increasing with the descending 
of altitude caused by collision-coalescence mechanism. 
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Figure 1. The size views of the largest raindrop collected by 2DVD at 06:34:21 UTC on May 31th during SoWMEX/TiMREX 

field project in 2008. 

 
Figure 2: The time series of minutely DSD of 2DVD (a), JWD (b) and POSS (c) from 06 to 07 UTC on May 31th, 2008 . The 
x-axis and y-axis represent the time and equilibrium diameter (mm), respectively. The color shading indicates the DSD (m-

3mm-1). 

 
Figure 3: (a) The hourly DSD (m-3mm-1) of 2DVD, JWD and POSS from 06 to 07 UTC on May 31th, 2008. (b) The 

corresponding accumulative hourly rainfall rate (mm/hr) from (a). The dash line represent the hourly rainfall rate from 
collocated tipping bucket.   
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    Figure 4: The time series of reflectivity field of different elevation angles from NCAR SPOL radar.  The red circles 
represent the precipitation system produced giant raindrops. The black triangle represents the location of disdrometers.  

 

 
 

Figure 5: Same as Figure 4, but for particle identification field.  The black dash circle represents the altitude (km). Each 
ring represents interval  of 0.5 (1.0) km for elevation angle less than 3.60 (elevation angle above 3.60). 
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Figure 6: Polarimetric measurements (reflectivity, DBZ, differential reflectivity, ZDR, linear depolarization ratio, LDR, 

radial velocity, VR, specific differential shift, NKDP, differential phase shift, PHIDP and correlation coefficient, RHOHV) 
and particle identification (PD) from NCAR SPOL at 0613 UTC, elevation angle 12.80.  

 

Figure 7: Total lightning flash numbers from 0527 to 0637 UTC.  
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Figure 8: Same as Figure 4, but for differential reflectivity (ZDR).  The white dash circle represents the altitude (km). Each 
ring represents interval of 0.5 (1.0) km for elevation angle less than 3.60 (elevation angle above 3.60). 
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