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1. INTRODUCTION

To improve the accuracy of rainfall intensity and
rain retrieval algorithms from space-borne radars
(TRMM/PR and GPM/DPR), radiometers and
ground-based radars , the vertical profile of the raindrop
size distribution, is very important (T. Iguchi et. al. 2003,
C. Kummerow et. al. 2001, K. Aonashi and G. Liu
2000).

Intensive field observations for subtropical
precipitation using COBRA (C-band polarimetric radar),
400-MHz Wind Profiler (400-MHzWPR), and two types
of ground-based disdrometer were carried out in June
2006 at Okinawa Island, Japan. These instruments are
part of the Okinawa Sub-tropical Environment Remote
Sensing Center, operated by the National Institute of
Information and Communication Technology (NICT).
The ground-based DSD was observed by a 2D-Video
distrometer and a Joss-type disdrometer. Vertical
profiles of the DSD were estimated from Doppler
spectra observed by the 400MHz WPR. In 2004,
COBRA and 2D-Video Distrometer data were used to
analyze the vertical variation of rainfall for different
rainfall types. The results show that in convective
rainfall, vertical variations of the polarimetric parameter
(ZDR and Do) are large (Nakagawa et. al 2005).

In  this study, we analyzed the Vvertical
characteristics of rainfall parameters for stratiform and
convective rain types.

2. OBSERVATION

Intensive  field observations for subtropical
precipitation using COBRA (C-band polarimetric radar),
400-MHz Wind Profiler (400-MHzWPR) (K. Nakagawa
et al.,, 2003, Adachi et al., 2001), and two types of
ground-based disdrometer were carried out in June
2006 on the main island of Okinawa, Japan. Fig. 1

*Corresponding author address:

Katsuhiro NAKAGAWA, GEST/UMBC, NASA/Goddard
Space Flight Center, Greenbelt, Maryland 20771 USA;
e-mail: katsu@neptune.gsfc.nasa.gov

shows an outline of the intensive field observations.
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Fig. 1 Outline of the intensive field observations. The
elevation angles of the PPl scans were from 0.5° to
20.5°.

At the NICT Ogimi facility site, the 400-MHz WPR
performed synchronous observation with the COBRA
system. Ground-based measurements of the rain drop
size distribution were obtained each minute by a
Joss-type disdrometer and a 2D-Video-Distrometer
(2DVD). The rainfall intensity was also observed each
minute with a tipping-bucket rain gauge and an optical
rain gauge. COBRA was operated with 14 plan position
indicator (PPI) and one range height indicator (RHI)
scan every 6 minutes. The azimuth angle of the RHI
was set at 330°.  The RHI did not pass over the Ogimi
site.

The 400-MHz WPR is able to observe
simultaneously the atmospheric turbulence echo and
the echo from precipitation. Therefore, by analyzing the
echo power spectrum of the received signal, the rain
drop size distribution can be estimated for which the
effects of wind speed, the intensity of atmospheric
turbulence, and background winds have been removed.
Several methods have been proposed to estimate DSD
from the UHF/VHF Wind Profiler data (e.g. K. Wakasugi
et al., 1986, Sato et al., 1990). In this study, the DSD



below the melting layer observed by the 400-MHz WPR
is basically retrieved by a non-parametric method (T.
Kobayashi and A. Adachi, 2005). As the primary
observation target of 400-MHz WPR is atmospheric
turbulence, the receivers are sometimes saturated for
rainfall observation. Therefore, a calibration factor for
the 400-MHz WPR is used that is obtained by a
comparison with the radar reflectivity of COBRA (Y.
Kitamura et al., 2003).

3. OBSERVATION RESULTS

3.1 DSD parameter estimation method

The data were used to analyze the vertical
variations of rainfall parameters that include raindrop
size distribution (DSD), mass weighted drop diameter
(Dm), normalized number concentration (No*), radar
reflectivity (Z), differential reflectivity (ZDR), and
correlation coefficient (pHV). The radar ZDR, and Dm
were also derived from the 400-MHz WPR.

The rain drop size distribution is assumed to be
given by the gamma distribution (gamma model),

N(D)= N,D* exp(~ AD) (1)
where D is the drop diameter, No, ux, and A are the
parameters of the gamma model. The xth moment of

DSD, Mx, is expressed as (Ulbrich, 1983, T. Kozu and K.

Nakamura, 1991)
M, =[D*N(D)dD- 2)

No* and Dm can be expressed in terms of the moments
by:
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For a gamma model of Eq. (1), 4 and x are given by
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3.2 Rainfall type classification

To characterize the vertical variations in the rainfall
parameters for the various rainfall types during the Baiu
front event of 2 June 2006, the data were separated into
the following categories: (a) convective rainfall (CV), (b)
stratiform rainfall before the CV (Before-CV), and (c)
stratiform rainfall after the CV (After-CV) as shown in
Table 1 and Fig 2. The Classification was based on; (1)
the existence of the bright band (BB); (2) the existence
of the region that was more than 45dBZ; (3) vertical
structure of radar polarimetric parameters (Z, ZDR, and
pHV) and Doppler spectrum.

TABLE 1 List of the rainfall events period that
are classified into three rainfall type.

Rainfall Type Rain event (JST)
Before-CV 07:30 — 09:59
CcVv 10:00 — 10:30
After-CV 10:31 — 11:59
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Fig. 2 PPI display of radar reflectivity factor at
8:54 JST. The elevation angle is 1.8°. The
black arrow shows the direction of movement
of the rain-band at the SE. The solid blue dot
indicates the location of the 400-MHz WPR
and the two disdrometers.
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3.3 DSD characteristics of rainfall parameters

We focused on the differences in DSD parameters
between the ‘Before-CV’ and the ‘After-CV’ rain events.
From an examination of the ground-based



measurements of the DSD observed by the 2DVD, we
found that the size distributions of the ‘Before-CV’ rain
were generally broader and less peaked than the
‘After-CV’ rain events as shown in Fig. 3. Fig. 4 shows
the relationship between the radar reflectivity (Z) and the
mass weighted drop diameter (Dm). Fig. 5 shows the
relationship between the radar reflectivity and the
normalized number concentration (Np*). The values of
Dm were larger during the ‘Before-CV’ rain than in the
‘After-CV’ rain. On the other hand, the values of Ny*
were lager during the ‘After-CV’ rain than in the
‘Before-CV’ rain. As a result, the Z-Dm and Z-Ny*
relationships for the two stratiform periods differ.

Next, we focused on the vertical rainfall structures
to explain the differences in the ground-based
measurements of the DSD during the two stratiform
periods of rain. Fig. 6 shows the vertical profile of the
differential reflectivity (ZDR) observed by COBRA. The
values of ZDR were typically larger during the
‘Before-CV’ rain than in the ‘After-CV’ rain. This result
was confirmed from the radar ZDR estimated from the
400-MHz WPR data (as shown in Fig. 7). In Fig. 6, the
location of the bright band (BB) in the ‘Before-CV’ period
was found to be lower than the BB location during
‘After-CV’ period. This result was confirmed by the
Doppler spectrum observed by the 400-MHz WPR (as
shown in Fig. 8).

In summary, the differences in the ground-based
DSD depend on the differences in the vertical profile of
the differential reflectivity and the location of the bright
band.
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Fig. 3 Drop size distribution in each rainfall invent,
‘Before-CV’ and ‘After-CV’ for 1mm/h < R<
1.5mm/h. R is rainfall intensity. All samples of
1minute duration.
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Fig. 4 The relationship between the radar reflectivity (2)
and the mass weighted drop diameter (Dm).
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Fig. 5 The relationship between the radar reflectivity (Z)
and the normalized number concentration (No*).
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Fig. 6 Vertical profile of the differential reflectivity
(ZDR) observed by COBRA during the ‘Before-CV’
and ‘After-CV’ rainfall. The dot is the averaged
value. The error bar is the standard deviation.



Vertical profile of the averaged differenctial reflectivity observed by 400MHz WPR
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Fig. 7 Vertical profile of the differential reflectivity

(ZDR) below the melting layer estimated from the

400-MHz WPR data (Y. Kitamura et al., 2003). The

dot is the averaged value. The error bar is the

standard deviation.
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Fig. 8 Doppler spectrum observed by the 400-MHz
WPR. The red arrow shows a BB height of
‘Before-CV’ rain. The blue arrow shows a BB
height of ‘After-CV’ rain.
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4. SUMMARY

Measurements from intensive field observations of
subtropical precipitation using COBRA, 400-MHz WPR,
and two types of ground-based disdrometer were used
to analyze the vertical characteristics of rainfall with
rainfall type. To characterize the vertical variations in the
rainfall, the data were separated into the following
categories: (a) convective rainfall (CV), (b) stratiform
rainfall before the CV (Before-CV), and (c) stratiform
rainfall after the CV (After-CV).

The results show that the ground-based DSD of the
‘Before-CV’ rain are generally broader and less peaked
than the ‘After-CV’ rain events. As a consequence, the
Z-Dm and Z-Ny* relationships for the two stratiform
periods differ. Next, we focused on the vertical rainfall
structures to explain the differences in the ground-based
measurements. We found that the differences in the
ground-based DSD depend on the differences in the
vertical profile of the differential reflectivity and on the
location of the bright band.

Using the COBRA and the 400-MHz WPR data, a
future objective is to develop a model for the vertical
variation in the drop size distribution for stratiform and
convective rain types.
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