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Study on the Application of 2D Video Disdrometer to Develope
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Abstract The KMA has cooperated with the Oklahoma University in USA to develop a Polari-
metric Radar Data (PRD) simulator to improve the microphysical processes in Korea Local Analy-
sis and Prediction System (KLAPS), which is critical for the utilization of PRD into Numerical
Weather Prediction (NWP) field. The simulator is like a tool to convert NWP data into PRD, so it
enables us to compare NWP data with PRD directly. The simulator can simulate polarimetric radar
variables such as reflectivity (2), differential reflectivity (Zpz), specific differential phase (Kpp), and
cross-correlation coefficient (py,) with input of the Drop Size Distribution (DSD) and scattering cal-
culation of the hydrometeors. However, the simulator is being developed based on the foreign obser-
vation data, therefore the PRD simulator development reflecting rainfall characteristics of Korea is
needed. This study analyzed a potential application of the 2-Dimension Video Disdrometer (2DVD)
data by calculating the raindrop axis ratio according to the rain-types to reflect Korea’s rainfall char-
acteristics into scattering module in the simulator. The 2DVD instrument measures the precipitation
DSD including the fall velocity and the shape of individual raindrops. We calculated raindrop axis
ratio for stratiform, convective and mixed rainfall cases after checking the accuracy of 2DVD data,
which usually represent the scattering characteristics of precipitation. The raindrop axis ratio
obtained from 2DVD data are compared with those from foreign database in the simulator. The cal-
culated the dual-polarimetric radar variables from the simulator using the obtained raindrop axis
ratio are also compared with in situ dual-polarimetric observation data at Bislsan (BSL). 2DVD
observation data show high accuracies in the range of 0.7~4.8% compared with in situ rain gauge
data which represents 2DVD data are sufficient for the use to simulator. There are small differences
of axis ratio in the diameter below 1~2 mm and above 4~5 mm, which are more obvious for bigger
raindrops especially for a strong convective rainfall case. These differences of raindrop axis ratio
between domestic and foreign rainfall data base suggest that the potential use of disdrometer obser-
vation can develop of a PRD simulated suitable to the Korea precipitation system.
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Fig. 1. Conceptual diagram of dual polarimetric radar
simulator.
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Fig. 2. (a) Photograph of the 2DVD, (b) principle of operation.
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Fig. 3. Observation range of dual-polarization weather
radar in Bislsan, the full circle represents BSL site, star
represents the 2DVD and rain gauge site.

Table 1. Description of S-band dual-polarization radar in
Bislsan.

Characteristics Description
Lat/Lon 35°42'54", 128° 32" 12"
Sea level of antenna 1,085 m
Frequency 2,795 MHz (S-band)
Transmitter type Klystron
Antenna polarization Simultaneous H/V
Transmitter peak power 750 KW
Beam width of radar 0.95°
Variable Z, V,y SW, Zpg, ©pp Kpp P
Observation Frequency 2.5 min
(Weather Range 150 km
radar) Gate size . 125 m
Elevations —0.5°~1.6° (6 elevations)
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Table 2. Rainfall cases analyzed in this study.

Items Date Time of observation (UTC) Type of precipitation
Case 1 14 October 2011 0000-0759 Stratiform
Case 2 23 June 2012 0507-0707 Convective
Case 3 23 Aug 2012 0000-2359 Convective/Stratiform
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Table 3. Axis ratio and fall velocity formula of raindrop.

EER

- H}EA] 181

Authors

Axis ratio formulas

Pruppacher and Beard (1970) =1.03 -0.062D
Brandes et al. (2002)
Experimental fit(‘11.10.14)
Experimental fit(‘12.6.23)

Experimental fit(‘12.8.23)

=0.9951 +0.0251D — 0.03644D>+ 0.005303D° — 0.0002492D*

=0.993438 — 0.00153826D — 0.0130729D*— 0.00502576D° + 0.00134617D*
=0.990150 — 0.0210607D — 0.00675852D"

=0.968761 + 0.00458678D — 0.0146843 D>

Authors

Fall velocity formulas

Atlas et al. (1973)

Atlas and Ulbrich (1977)
Brandes et al. (2002)
Experimental fit(‘11.10.14)
Experimental fit(‘12.6.23)
Experimental fit(‘12.8.23)

=3.78 x D%

=9.65 — 10.3exp(— 0.6D)

=-0.1021 +4.932D — 0.9551D*+ 0.07934D* — 0.002362D*
=_10.278535 + 4.48021D + 0.0575368D — 0.438097D° + 0.0726433D*
=-10.556609 + 5.40734D — 1.019962D*+ 0.0645172D°

=—0.613867 + 5.56266D — 1.19471D*+ 0.0941570D°
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Fig. 7. Polarimetric scattering amplitudes as a function of particle size. (a) Backscattering amplitude for major axis, (b)
backscattering amplitude for minor axis, (c) forward-scattering amplitude for major axis, and (d) forward-scattering amplitude

for minor axis (23 June 2012).
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(b) Differential Reflectivity, Z,,,
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Fig. 8. Time series comparison of simulated reflectivity (Z), differential reflectivity (Zpz), specific differential phase (Kpp) and
cross-correlation coefficient (pj,). Results are shown for radar parameters using the Brandes ef a/. (2002) and Experimental axis
ratio. The left ordinate is for parameter and the right ordinate is for bias of parameter (23 June 2012).
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Fig. 9. Time series of ten-min rain rates measured from the
rain gauge (solid line), and estimated from the 2DVD
disdrometer (dotted line, using Brandes et al. (2002) and
dashed line, using Experimental fit) for the event of 14
October 2011. Also shown is accumulated rainfall from
measured 2DVD and that from estimated rain gauge. The
left ordinate is for rain rates and the right ordinate is for
accumulative rainfall (14 October 2011).
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Fig. 10. Same as Fig. 9 except for the date. (a) 23 June
2012, (b) 23 August 2012.

Tabel 4. Percent error in total rainfall accumulations
between rain gauge and 2DVD.

Rain gauge and 2DVD

Items Date Brandes ef al. Experimental
(2002) fit
Case 1 14 October 2011 1.63% 2.23%
Case 2 23 June 2012 2.41% 1.35%
Case 3 23 Aug 2012 7.88% 5.99%
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Figure 122 ¥, Fig. 11914 UrE‘rUrh a *‘%% 5
SEtA 1T 4 Utk F, HEAA TEHE 7=
37HA] 7H9AkE 25 0.75914 0.8 Ol*obl %L&ﬁlg
Zky molEl AgoA #AZH A= 27t ¢F 2dB
Axo] Hlolo]AE bt} o]y H|EAMA #A=F
77} AA 2DVD AR ZHE ZoE HkAlE gl v
3 ¢F 2dBZ A= AA #HFHE ovlshH, 53] 25
dBZ olddllME o WA BFEES & F U qu,
Zpr F2 37FA A dis) *ﬁ OE ¥
HA 738 A9 A9 A3A7E 0.830, u}o]
2E —0.111dBZ 2DVD A5 ZXFE TolE 7t
HiE)] A5 Zpel =4 UEEAE 43 diF

s A5 A7 oF 0.5 BEola
Hloloj 2= oF 0.2 dBRE 23]2 2DVD AERRE 2
o8 gholl vlsh B3 gol WA ASHUT. ol B
L9 m7¢} BAEE ZxY EAA 2 012}7]. 0o
HFY FeAIsh 2 g e dat Ae e
HFH/2A4E 7FeAE Sof sk BE2) o]=H )
gt At M2 thegg on|gth. Z9F Zpy
o1l Kpn prnoll thellM = S g ‘“*—% ’“‘36}@11
gk, 733k vz 9 89 23 tlF¥/24E A
g9 Kpps ALF ZE A KDp, o e
o) JWAL BT B B9 GFS W Ky
£ URY Feake) Aede vy asd

Atmosphere, Vol. 24, No. 2. (2014)



186 olsHdtgolt] AlEdolH /LS 913 23 FF-AA BSARS] 28 AT

Reflectivity, Z [dBZ]

505 Corr= O.I759 ,/‘
E RMSE= 4.470
40 F BIAS= 2.724 3
e
30F o 3
d E +* s+
o] E e v
20F +, - ++ o+ 3
g & ,’,’ ? +
E + ++
10F S 3
E +
% .
0 10 20 30 40 50
2DVD
Reflectivity, Z [dBZ]
SOF Corr= 0.834 ' ' T
E RMSE= 8.983 LR A
40

£ BIAS= 2.486

30E 3
= E
%] E
m E
20 3
10 ]
0kt . . .
0 10 20 30 40 50
2DVD
Reflectivity, Z [dBZ]
S0E Cor= 0,815 ' ' L
E RMSE= 4.053 . s
40 F BIAS= 2.067
30E E
— E
%] E
m E
20 3
10F 3
0k : L L L
0 10 20 30 40 50

2DVD

Differential Reflectivity, Zpz [dB]

2.0( T
1.5} o0 .
3 //_._ +
a +
g rop -
0.5 ]
L Corr= 0.510 |
L \f{rz L RMSE= 0.380 1
" R BIAS= 0.228 ]
0.0Lz L +t+ hiha .
0.0 0.5 1.0 1.5 2.0

0.5 . Corr= 0.830 ]
L~ RMSE= 0.518 |
[ .- ¥ BIAS=-0.111 ]
0.0 L=z ol L L
0.0 0.5 1.0 1.5 2.0
2DVD
Differential Reflectivity, Zpz [dB]
2.0[ T T T ™
1.5} ]
?
- 1.0
0.5 Corr= 0.509 ]
L RMSE= 0.314 |
I BIAS= 0.182 ]
0.0 . .
0.0 0.5 1.0 1.5 2.0

Fig. 12. The scatter plots of parameter between 2DVD and radar value for the (top) 14 October, (middle) 23 June and (bottom)
23 August. The (left) reflectivity, Z and (right) differential reflectivity, Zy.
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