Atmosphere, 20(1), 37-47 March 2010

Z+o 22|18 §4M 0|sfE fIst MRR &
PASIVEL &A1 ZZAlY A

Arg - A7IEY - oAE - A9 Y AAY - FRG' - Mg FAY
'FYTIATLE $E7IHATI SEAAATY
AL o7 ekt
(20099 9¢ 2 A4 20109 1€ 309 590

Analysis of Observational Cases Measured by MRR and
PARSIVEL Disdrometer for Understanding the Physical
Characteristics of Precipitation

Joo-Wan Chal, Ki-Ho Changl’*, Sung -Nam th, Young-Jean Choil, Jin-Yim Jeongl, Jae-Won Jungl,
Ha-Young Yangl, Jin-Young Bae' and Sun-Young Kang1
'Hydrometeorological Resource Research Team, Applied meteorological Research Dept/NIMR
*Dept. of Atmospheric Sciences, Yonsei University
(Manuscript received 2 September 2009; in final form 30 January 2010)

Abstract

The methods measuring the precipitation drop size distribution(hereafter referred to as DSD) at Cloud Physics
Observation System (CPOS) in Daegwallyeong are to use PARSIVEL (PARticle SIze and VELocity) disdrometer
(hereafter referred to as PARSIVEL) and Micro Rain Radar (hereafter referred to as MRR). First of all, PARSIVEL and
MRR give good correlation coefficients between their rain rates and those of rain gage: R’=0.93 and 0.91, respectively.
For the DSD, the rain rates are classified in 3 categories (Category 1: 1r (Rain Rate) < 0.5 mm h', Category 2: 0.5 mm
h'<rr<4.0 mmh”, Category 3: rr > 4 mm h™). The shapes of PARSIVEL and MRR DSD are relatively most similar
in category 2. In addition, we retrieve the vertical rain rate and liquid water content from MRR under melting layer, calcu-
lated by Cha et al’s method, in Daegwallyeong (37°41' N,128°45' E, 843 m ASL, mountain area) and Haenam (34°33'
N,126°34'E, 4.6 m ASL, coast area). The vertical variations of rain rate and liquid water content in Daegwallyeong are
smaller than those in Haenam. We think that this different vertical rain rate characteristic for both sites is due to the vertical
different cloud type (convective and stratiform cloud seem dominant at Haenam and Daegwallyeong, respectively). This
suggests that the statistical precipitation DSD model, for the application of weather radar and numerical simulation of
precipitation processes, be considered differently for the region, which will be performed in near future.
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Fig. 1. Location of observational site of MRR (DG and HN) and PARSIVEL disdrometer (HN) for this study.
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Table 1. Specifications of PARSIVEL disdrometer.

Laser wavelength

650 nm (Horizontal beam)

Measuring factors

Precipitation particle size distribution and falling velocity

Particle size range : 0.2 ~ 25 mm

Measuring range

Particle falling velocity : 0.2 ~20 ms™
Intensity : 0.001 ~ 1,200 mm h™'
Visibility : 0.1 ~ 5 km

production

radar reflectivity (dBZ), rain rate(mm hh, visibility(m), Liquid water content (g m®)

Classification of Precipitation type

drizzle, rain, hail, snow

15

Hydrometeor velocity in m/s

10

Hydrometeor size in mm

Fig. 2. Classification of precipitation types by the relationship between falling velocity and drop size (Lsffler-Mang and

Joss, 2000).
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Fig. 3. Comparison of the rain rate of PARSIVEL dis-
drometer with those of rain gauge from 27 August to 25
November 2008 in Daegwallyeong (R2 : Correlation co-
efficient, Str.: Standard Deviation Error).
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Fig. 4. Mean rain dropsize distribution of each rain rate meas-
ured by PARSIVEL disdrometer at Daegwallyeong from 1
Jun to 31 August in 2006 (1t is a rain rate, mm h'l).
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Table 2. Occurrence days of hydrometer types observed by PARSIVEL disdrometer at Dacgwallyeong from October 2006

to September 2007.

Drizzle Drizzle with rain Rain Snow Freezing rain Hail

Occurrence days 92 112 108 43 18 2
Table 3. Comparison of the accuracy of PARSIVEL dis- (a)
drometer observation with the manual observation for hy- 30
drometers (7]43, 2008). R?=0.91 o

Hydrometer Accuracy No. of Cases ~ *]

Rain 82% 601 T

Drizzle 79% 14 5’

Snow 58% 152 £

Snow grains 33% 9 °

Rain, drizzle with snow 0% 3 ¢

Hail 0% 1 )
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Fig. 5. Comparison of rain rates of rain gauge with those of
MRR at 50 m (a), 100 m (b), 150 m (c) in Daegwallyeong
between 1 Jun and 31 August in 2006.
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Fig. 6. Mean rain drop size distribution measured by MRR
at Daegwallyeong from 1 Jun to 31 August in 2006 (rr is a
rain rate, mm h™).
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Fig. 8. Extracted mean vertical rain rate below melting layer
in rain event from 1 April to 31 December 2005 at
Daegwallyeong (DG) and at Haenam (HN) (MRR observation
interval: 1 min./The rertical resolution of MRR : 150 m).
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Fig. 9. MExtracted mean vertical Liquid water content (g
m") below melting layer from 1 April to 31 December 2005
at Daegwallyeong (DG) Haenam (HN) (MRR observation in-
terval: 1 min./The rertical resolution of MRR : 150 m ).

= Qi) ol gt B8]/ %54 ¢l 2}o]7F MRR O] HZ]
H FouEARe] JFS F= A AlR "t &
gk AA7A] o]d faEo] HgHoz Aupr
MRRE| AZZeHZo] FFL FE7lo] Hairs
uHe 2)7] 9k gl 2 Ao At Al g
oA 18 7+ o] = o3 g gto] o 0.5
~0.7mmh’ AEQPT, gl AL 05~20mmh' =
dgR o] = F 9= Wst Z2 7
Fig. 9= 1= tj#33} sid| g =3 ol
HEuke 225le] PEE P dRSSFolt 1=
H B4 AMS UL AR GO P EE AFSE u
A1} 72 uh o] Y e 1= FFARFFE
797y m el Zho] SR o] PR rrt 2 A
H A4S Ko Qlu W=} IS i
oo 3 ozt F7leta Ytk uPR G 1=
g WAL 0.1 ~ 0.15 g m” Aol A oFzte]
H3E HYa, RS 0.1 ~ 0.3 g m 7HA
R 1= 4] 37 Wakska glg BYch

4

4. Q9% 9

-
—IKEE

£ A7 FohelA Be A7 oo} X g
Sl ZH9URIT] 45 ERIE RO PARSIVEL
3} MRRe|ehe #37]7] 9 |5 7]7]°] 93 B8
HSYAR R B AT, B At
o3} shd] ALY W B L AR
=42 Byt 53, 2oL Foee BF,

A1, 715 2200 wet 1 Befy) 27)9F Yk =T}

C o - HIR - BAY - A - FhE - Y - FAD 45

£

Epxich E3F 4719 A5k Lot A F o weh
AT 5 9l 2o BRE ARl 2] W
o 2 Auj et "ok g Woll =] Sl=
HoAAT|e) A RES} Gerwel B
Ee] TEY B4 el AL 78 9 A4}
& F 3K (model)d=t]| v D23+ o[tk Ulbrich,
1983). whtr] £ Atelil= 75$-2] MRRZ} PARSIVEL
of ofet ZH92lRr 271 EE BEIIAT, AHE
AL 7480 AN (freezing level)E 7|E22
TA ] P} HA 2 FEE7] wfZo] ZeRkS oY
oz B|9Jte] Ze W W TES BT 1

obef FERtE FETH] A= A=} WA

HEE B
53], 2 371420089 8Y 274 ~ 11€25%)9]

PARSIVEL3Y} 7F¢-A|2ke] 797w Sn| S
A R*Zko] 0.930] Urghon], MRRT} 7-9-A|2}e] 79
ZEn]|Wol| A= MRRO] 50 m 1% =Zkato] v
ol A] R°gko] oF 0.91 ©|ith. PARSIVELLS AT A]
#Esh= 4717101 MRR2 YF TS0 95t 11
T AR REE S T 5 U= SH7I7)0
Ak, o] A A3E 538 MRRI}F PARSIVEL®] 2
g ARG e ERETF HAHoR B

S At F)oll tiet B7E7t o] Foj x| A] ot A
FAA 54 BAole B2 A7 e Aer A=
Hrh
B Qo) A= 7= E 371R](Category 1: 1t (Rain
Rate) < 0.5 mm h', Category 2: 0.5 mm h'< rr <4.0
mm h'', Cateogry 3: rr > 4 mm h")2 £33} MRRTZ}
PARSIVELS] $EE4E vlmaigid 2974% o
2 HYS ) 497 =70.5 mm b’ ~ 4 mm b Ao
7F Ao R 7P dAs A 29y e
7h Ao R Z Z4@mm b oAk o) F
ZF-JA=717F oF 2 mm o)ge] Hf]oll 4 PRASIVEL
o MRR ¥t} o] Be 45 =8 B339t 53], o
974 oF 3 mm ool Z-9-91437] Wlol
A= PARSIVELo|] MRR Xt} 8R e S5 52 7
Za}3 9t} ot Aol FeTpET) B A4
£& B2 T A9 MRRE T2 SAlske] 714 f}
P2 9P F A0 Arat
q
59 5

p
A

N

o

rf odd

FolldE MRRE o83t 2w 97w
Fo| EXLS BEsIh A TS| Yo

o & rlu®

>r
p

©

I

=4



46 74:9) 224 B4 o]} $I%F MRR % PASIVEL $-749] 249] 24

choret ol aigol AT, B o A ofat
RG] A 9gmet WAt BAL
o]l Aol A T Heof 33 GIGITk. Al 4]
25 T r9pwe} A Sake] MBS Yasier
X9} meh WA A9k, ol sidA el A A5 WAl
She el ofFt LY JedEe] BAS &
of2m Qrka AR Hoh £ A7elN 1 797
£ 222 95 TH oe 2 45S 995 AAEA
ool TE 97w U AR 4o Hrhel By ol
A, Ao et @ Sdoe) nEd 5
A& 7 sk} 8 4= 9lgiet.

37 MRRY| T= Z9uSge 420
P7] 1814 MRR] Q729 20] G2
A5, AN o BRkE A5 Bk
tolof 3k, o} MO =Y 79X
BAyste] Seltket AolA WIS
& Waks| Yrslof @ olct. olefat
MRRE o83 =¥ 79914a7]
Fol A%t 72427 9 Aol &
oot B Hofe] @

gt ol =5 wol=d B2

it

o

s
=
T

ol
i

ol

i)
S
2

[ o

A

oL
filo

ox 1o [ R
EHJ
A

nE
e g

¥ H o AL o e L

N orfo ot
W h e
gy
o g ik Ol
I o i
o ) &
o B fr
R
L o o
™

od
>
1o
11}

2 A= 7138 Y 21713 A FaAY
“ARE, A7 7 W =A% 78R
71, 22 Sastata ol AR
(Particle Erosion) 2@ 9 A|HB7} 7|2 A1L"9} 5
= HAAATHNo. 2009-0085533, R0O1-2006-000-10470-0)
of Agko 2 g HYFUh E8 o1l A7} o
oA ES Eole FYATL TR oIS
BN PR} BEo] ALE =YL

Stk

Y 7)AHA T2, 2008: KEOP ¥4 (2001~2008). F87/4F
&2 KEOP X 1147, 366 p.

7144, 2008: PARSIVELS 0|83 @172 715 A of)
FH AT )4 FAITE TAY11-1360 395-000046-01),
55p.

w4 7], 2005: EHF ) &(44 GHz)o| A 7-9-742] 9 mxpd )
B A FYHB) o7t B IATECD-425-060035),
130 p.

2]

11, 01591, 23, 2004: POSSE 0§24 -2 .4
I Z-R BA A AFE (1): 20019 T4 AR, o=
ZJ4F8F8] %], 40, 5, 557-570.

Bellon,A.,I. Zawadzki, and F. Fabry, 1997: Measurements
of melting layer attenuation at X-band frequencies.
Radioscience, 32, 943-955.

Caracciolo, C., F. Prodi, A. Battaglia, and F. Porcu, 2006:
Analysis of the moments and parameters of a gamma DSD
to infer precipitation properties: A convective stratiform
discrimination algorithm. Atmospheric research, 80,
165-186.

Cha, J. W., S. S. Yum, K. H. Chang, and S. N. Oh, 2007:
Estimation of the melting layer from a Micro Rain Radar
(MRR) data at the Cloud Physics Observation System
(CPOS) site at Dacgwallyeong Weather Station. J. Korean
Meteoro. Soc., 43, 77-85.

Cha, Joo-Wan, Ki-Ho Chang, Seong Soo Yum, 2009:
Comparison of the Bright Band Characteristics Measured
by Micro Rain Radar (MRR) at a Mountain and a Coastal
Site in South Korea. Advances in Atm. Sci.,26,211-221.

Joss J. and A. Waldvogel, 1969: Raindrop size distribution
and sampling size errors. J. of the Atmos. Sci. 26, 566-569.

Kozu, T., and K. Nakamura, 1991: Rainfall parameter
estimation from dural-radar measurements combining
reflectivity profile path-integrated attenuation. J. Atmos.
Oceanic Technol., 8, 259-271.

Tokay, A., and D. A. Short, 1996: Evidence from tropical
raindrop spectra of the origin of rain from straitform
versus convective. J. Appl. Meteorol., 35, 355-371.

Torres D. S., Josep M. Porra, and Jean-D Creutin., 1994: A
general formation for raindrop size distribution. J. Appl.
Meteor., 33, 1494-1502.

Ls ffler-Mang, M. and M. Kunz, 1999: On the performance
of a low-cost K-band Doppler radar for quantities rain
measurements. J. Atmos. Ocean. Technol, 16, 379-387.

Lsffler-Mang M., and J. Joss, 2000: An optical disdrometer
for measuring size and velocity of hydrometer. J. Atmos.
Ocean. Technol, 17, 130-139.

Marshall, J. S. and W. M. K. Palmer, 1948: The distribution
of raindrops with size. J. Meteorol., 5, 165-166.

McGaughey, G., E. J. Zipser, R. W. Spencer, and R. E. Hood,
1996: High-resolution passive microwave observations
of convective systems over the tropical Pacific Ocean. J.
Appl. Meteor., 35, 1921-1947.

McKague, D., K. F. Evans, and S. K. Avery, 1998:
Assessment of the effects of drop size distribution variations
retrieved from UHF radar on passive microwave remote
sensing of precipitation. J. Appl. Meteor., 37, 155-165

Nam, Kyung-Yeub, Ki-Ho Chang,Kyung-Eak Kim, Sung-
Nam Oh, Young-Jean Choi, Kyungsik Kim, Dong-In Lee,
and Kum-Lan Kim, 2008: Method for Analysis on
Optimization of Averaging Interval of Rainfall Rate



gt

Measured by Tipping-Bucket Rain Gauge. Korean Journal
of Remote Sensing, 24, 17-24.

Peters, G. and Bernd Fischer, 2005: Profiles of raindrop size
distribution as retrieved by Micro rain Radars. J. Applied
Meteoro., 44, 1930-1949.

Strauch, R. G., 1976: theory and application of the FM-CW
Doppler radar. Ph. D., Eelectrical Engineering, University
of Colorado, 97 pp.

Viltard, A., J. Oubt. de F. de Felice, and H. Laurent,
1996:Rainfall and 6-9day wave-like disturbance in West-
Africa during summer 1989. Meteorology and Atmospheric
physics, 66,229-234.

B7N% - LA - HGR - Y -

AR - 5}y - R - A 47

Ulbrich, C. 1983: Natural variations in the analytical form
of'the raindrop size distribution. J. Clim. Appl. Meteorol.,
22, 17764-17175.

Yuter, S. E., D. E. Kingsmill, L. B. Nance, and M. Ls
ffler-Mang, 2006: Observation of precipitation size and
fall speed characteristics within coexisting rain and wet
snow. J. Appl. Meteorol. and Climatol., 45, 1450-1464.

You, Cheol-Hwan, Dong-In Lee, Min Jang, Kil-Jong Seo,
Kyung-Eak Kim, and Byung-Sun Kim, 2004: The
characteristics of rain drop size distributions using a
POSS in Busan Area. J. of the Korean Meteoro. Soc., 40,
6, 713-724.



