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Abstract Although the Radar-AWS Rainrate (RAR) calculation system operated by Korea
Meteorological Administration estimated precipitation using 2-dimensional composite compo-
nents of single polarization radars, this system has several limitations in estimating the precipi-
tation accurately. To to overcome limitations of the RAR system, the Korea Meteorological
Administration developed and operated the RMQ (Radar-based Multi-sensor Quantitative Pre-
cipitation Estimation) system, the improved version of NMQ (National Mosaic and Multi-sen-
sor Quantitative Precipitation Estimation) system of NSSL (National Severe Storms
Laboratory) for the Korean Peninsula. This study introduced the RMQ system domestically for
the first time and verified the precipitation estimation performance of the RMQ system. The
RMQ system consists of 4 main parts as the process of handling the single radar data, merging
3D reflectivity, QPE, and displaying result images. The first process (handling of the single
radar data) has the pre-process of a radar data (transformation of data format and quality con-
trol), the production of a vertical profile of reflectivity and the correction of bright-band, and
the conduction of hydrid scan reflectivity. The next process (merger of 3D reflectivity) pro-
duces the 3D composite reflectivity field after correcting the quality controlled single radar
reflectivity. The QPE process classifies the precipitation types using multi-sensor information
and estimates quantitative precipitation using several Z-R relationships which are proper for
precipitation types. This process also corrects the precipitation using the AWS position with
local gauge correction technique. The last process displays the final results transformed into
images in the web-site. This study also estimated the accuracy of the RMQ system with five
events in 2012 summer season and compared the results of the RAR (Radar-AWS Rainrate)
and RMQ systems. The RMQ system (2.36 mm hr™' in RMSE on average) is superior to the
RAR system (8.33 mm hr' in RMSE) and improved by 73.25% in RMSE and 25.56% in cor-
relation coefficient on average. The precipitation composite field images produced by the
RMQ system are almost identical to the AWS (Automatic Weather Statioin) images. There-
fore, the RMQ system has contributed to improve the accuracy of precipitation estimation
using weather radars and operation of the RMQ system in the work field in future enables to
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cope with the extreme weather conditions actively.

Key words: Radar-based multi-sensor quantitative precipitation estimation, Hybrid scan reflec-
tivity, Classification of precipitation type, Local gauge correction
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Table 1. Comparison of the Radar-AWS Rainrate (RAR) calculation system and the Radar-based Multi-sensor QPE (RMQ)

system.

Procedure (Current operating QPE system)

Radar-AWS Rainrate (RAR) system

Radar-based Multi-sensor QPE (RMQ) system

Quality control - Fuzzy QC
Merging - Selection of maximum value in the overlap area
Precipitation -
classification
Precipitation - Z-R relationship with the WPMM algorithm
estimation

- Neural Network

- Correction of bias of azimuth and altitude direction
data

- Classification of five precipitation types

- Four Z-R relationships related to classified
precipitation

s=71418ks] 7] 4247 35 (2014)



ol - AAE - whels - AW 435

Radar data II

Step#1 ‘1’
Single radar process module

+ Pre— & post-process of radar data
+ Vertical profile of reflectivity

+ Hybrid scan reflectivity
Step#2 v Step#3
3D radar data merging module 3D multi-sensor precipitation estimation module
+ Correction of azimuth and altitude —_— - Classification of precipitation type using
direction data multi-sensors
+ Merging reflectivity & radar data - Local gauge correction method
| |
Step#4 Display module of precipitation estimation
accuracy and products
- Generation of merging data
+ Estimation of precipitation
+ Verification of products

Fig. 1. An overview flowchart of the RMQ system (Korea Meteorological Administration, 2012).

Radar Spectrum width
UF data
Altitude P
‘ Transformation QCd
- - Quality —_— radar
NetCDF data SE—— Control reflectivity
_ Reflectivity -

Neural Network

Data for training —_— Training —y | = Composzition of

= 100 miillien quality control
Patterns for algerithm
training

- Export assiztant

- Conszideration of

velocity - determine the number

of iterative training
- determine the number
of hidden layers

- /

Fig. 2. A quality control procedure using the neural network technique (Korea Meteorological Administration, 2012).

Band Correction, BBC), 3}olEg]= 270 HIAlE olg] EuiwW3kKformat transformation)s} FZF T
(Hybrid Scan Reflectivity, HSR) =3 0.2 o]Fojz|H,  (quality contro)E <33} Et}. dHlojy XHIS
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Administration, 2012). (Universal Format) @21¢] 798 NetCDF &4]¢] 5}
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Fig. 3. A concept of the hybrid scan reflectivity method
(Maddox et al., 2002).

HSR = (zwg X W) SHSRi)/(ZwQ X wj,) (1)

wy, = exp(—d*/L%)
wy = exp(—h*/LY),

714 we A dolde] 7R, LY He 2AY
A, d= dolHERE AT, e A= I=E
e B AzoA LE 50km, H=2kmE 2 &5
Atk

2.2 3xHY YR Eeaby

AR E] SAA FAAYE ZF Holry Ale]EX
5= 32 Azp 7kt jle] ZHE zpol, Al A
7k ztolE BASIAL ol 3 RS E3f 2 A
£ o] &l 7t #olt] AlelES] WA TR AS
T3 3k wRAtE @ AsE A SrhFig. 19
Step#2). HlolE] At g= A, ¥z, I=Zo 2 o]F
ARl FHBAC|ER o]F =} HERE o]Fozl ¢
A% HFEAR vprojof gt A WSS fls) of
g 2]& o]&-3t}(Korea Meteorological Administration,
2012).

hy =N + R+ b, +2r(R + h,)sine} — R Q)
a, = arcsin(cos(s/R)sina, + sin(s/R)cosa, % cosa)

B, = arcsin(sina x sin(s/R)/cosag) + .

sin(s/R) = rcose/(R + hy — h,);

cos(s/R) = {1 — sin’(s/R)},

AN hE I, o Y%, fE AE, hE dold
Ae] A%, o2 Held AP A%, g2 Hold
A AE, R AT WAE, o W9, = I
=7t s AT FEE w2z A A, 2 geld
FHE EAZA Y] A Aotk BT o] FFH



HE w9l F1Hvoxelel M 7 dlold A= 3

=3 abe] g st e o Tk
Ao},
Zcom = Zzisi/ZSi’ (3)

AN Z,pS TA
=3 WALE, s= A Bloly AlelEC] b
Ab=oll thek THEAlolH, THEAl= Aol A7k
ol
o] TAlIA = ALY ol g} Fo|t] BEAE
Atge] 7+ Fol| EAlst= FHE 75719 VER
E ARHE N 53 (Vertically Integrated Liquid,
VIL)Z Q22 A5k D= (VIL Density, VILD)
T FE o] F AR BT e Aead 2
Foll &=t}

HALE, Z= A EolE Al

2.3 Z3Ey o

B SAE Fig. 19 Step#3ol sldat, 24 A 7}
AZ vHth 94 AeRds B, teeE &
FE Arddd wet Arde FHEH, vATe
2 ArEe 25 AES AKX

F

F ERox e AdAdA 2EE T4 vkAL
= CAPPI, VIL, VILD, VPR, HSR WAl 53} =]
ASAE 2 FAGERELD ] (EE o] &8t 4
S ERTh ASAE AW 25, AW F72%
52 AWS (Automatic Weather Station)Z5F-E 319,
S ASARE ARSI A5 2R T
ALA]

13 Fulo|2e] 7]ute] F= KLAPS (Korea Local
Analysis and Prediction System) Z&7|o| B2 d F-4
AgolA HESI] P 109 L=F 75, ol 4
THE 79 7IE T ik Ak =3 102 &9
@l AR A= 7] 718)E T EE #olvAs
] ZBA29F 98 272 AME-E= KLAPS, AWS
Y A5 A F7I ¥ YR HhEEE, #
olt] ARE 7|FEL R AZHI0)H 37 3 =(1 < 1
km7h ASES Shgelel ALETTh RMQ A2
oME 7 F-82 T(snow), 2 (hail), SthE (warm),
2743 (stratiform), U153 (convective)?] 572 &
s, s 57 digk 38=% Fig. 49 2t}
Xu et al., 2008; Zhang et al., 2008).

O:

232 Holg 7% 4

Ao FAGA = HSR AHEEHE Ay wt
AHE Z (dBZ)E ¢lo] ARd &R wet s
£ Z-R BA X t)sted A7V A% R (mm hr')

437

No
Non-
=
—_—

Z) 5dBZ & Tefe (2T
Or Z) 10dBZ

lYes

Surface wet bulb temp. (0T ?
and surface temp. (2T ?

l No
VIL densily ) 1g/m¥%? L
l No

VPR = warm rain?

e ()
_—

lNo

Composite reflectivily ) 50dBZ
or reflectivity at =10 C height ) 30dBZ?
or lightening within 5§ min?

No l Yes 1
Conveclive
rain

Fig. 4. A flowchart of the precipitation classification method
(Zhang et al., 2011).
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Table 2. Description of rainfall events in 2012 summer season.
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3. lo|ci7 |4t CHEMMEE
x| aslo] AE

3.1 7|2AtEt
B ol RMQ A289] AES 913 484

o=z Pyl AY9S Yoz e, J4717
< 20124 6YEE 87R| o] 7FeubAl AlE = 570
o] AHE AA I THTable 2 %), RMQ A28 9]

Event Period Type
1 2012.06.08. 0600~2012.06.08. 1900 LST Low pressure
2 2012.06.15. 0500~2012.06.16. 0400 LST Front
3 2012.07.14. 0800~2012.07.15. 1500 LST Front
4 2012.08.14. 1700~20120816. 2300 LST Low pressure
5 2012.08.29. 1500~2012.08.30. 2300 LST Typhoon

s=71418ks] 7] 4247 35 (2014)
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Table 3. Input data of the RAR and RMQ system.
Input .
Data Production cycle Type Note
RAR RMQ
o (0] AWS every 1 minute Text 642 sites
(0] KLAPS every 1 hour Grib KMA™ model
(6] Lightening when it occurs Text 21 sites
o (6] Radar every 8~10 minute UF 11 sites

* KMA: Korea Meteorological Administration.

Weather Tranzformation Weather Guality ocd Bright band
radar data )= of — | radar data ) — 2 — — correction
(UF) data type (NetCDF) Control (QC) radar data (BBC)

J
)
reflectivity
Merging @ | | |
BBCd l
radar data
Clazsification Data of
" of ——( classified
precipitation type ainfall type
QGeneration of
hybrid scan —>_
reflectivity
Estimation of Data of Local gauge
T | (ot e (g — |
preci lon precipitation LOC)
(@PE) Leo QPE
erification @ erification
of estimated of LOCd
precipitatiol QPE

Fig. 5. A flowchart of the RMQ data processing (Korea Meteorological Administration, 2012).

YHAEE= AWS ASATAE (S 642714), KLAPS
o] 2EAE, HSAEFEST 2UHL), Hold ik
AR 1R Ab|E: g e, Aol 94 X,
a5k FYLt S, WEAE YA A, 1d)olt)
Table 32 RAR A|2¥]3} RMQ A|Z=H 9] JHEAEE
H| k3o

2 ZellM = 2012 ASAH] 5 A E Akl ol
stod RMQ A|=He] A3E DAEZ ro] 48}
ATt 2 RMQ Al&He] g 4 A
I MAYEE F71sh7] 918 RAR Al&=Fle] A}t
H| w3}tk RMQ9F RAR Al&=H9] Zheef 4 4
TS A f8l BIEAFEA AlFZ 22K Root
Mean Square Error, RMSE)%} ¢34 4>(correlation
coefficient)& ©]-&3tF o™, A+ HAFS <l
RMQ$} RAR A &FloA Adbe]= Hs X 3£

3.2 RMQ A|ABle] ME

2 AFdMe geold A5 Y, Asws, 43
2], HSR, 3D ¥4, AR &F/, AFitsE, H58e
2 7R DA Fig 5 2 A2 Al o
sto] Fasidom, 4 2012 7€ 1590l LAY
ZdAH (AH#3)0l ekl 2F ©APE 8 A3l o
ate] ARt o] Al @il IXE vk
Aoz et HuF oz @ ZHe7F HAsHA AL,
53] FAbx Aol 27k H 3L 260 mm7t g A
#lelt}. Figure 6(a)= 2012 7€ 159 134] 1A17E
A ZFrd Eaolth

RMQ Al2®lo|M e 75 dkAl: CAPPI 34
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RAIN(60min) 2012.07.15,13:00

S

CAPPI
{1500m)
2012.07.15.

13:00(KST)

HSR

2012.07.15.
13:00(KST)

2001 2.07.15.
13:00(KST)

(b) 1.5 km altitude reflectivity CAPPI image (left-upper), 4.0 km altitude reflectivity CAPPI

image (left-middle), and HSR reflectivity image (right) from the RMQ system.

Fig. 6. Simulation results of the RMQ system in Event#3 (1300 LST on 15 July in 2012).

HSR WHMALE 974S 4b&gith Figure 6(b) 1.5 km
9} 4.0 km RFAF= CAPPIS} HSR WHALE 9248 el
Wtk ¢4 1.5km CAPPI®F HSR WAL GAHS H]
3P, 1.5km CAPPI BF7golME Hd= X934} &
A FEE 2] whalewzE 9)7F 2 UehR|
2o} HSR GAol-E WA Ert Be FYoA 7

37 4kels] gl7] #1249 35 (2014)

Al YeRdtt. olggt 1S A B, 1.5km CAPPI
Gl A EeE (ground clutter)?] FFo= Hb
Ab=7b 2 =L 4.0 km CAPPI o)A E AEZ g
Elo] o]gh xp#| G aFo] o} w7k 9 oA RALE
7} e EEEh. AT I EARRe] IO R 40
km CAPPI %72 #7559} ZAde A @HaHA
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i - ~ ~ L
/ o Precip. Type f \\'-;_.-f-' . LIGHTNING
f = Vs 10 MIN
et 20012.07.15. || . = f 20124715,
r o ;o 13:0{KST) YA 1300EST)
.
- # : Pasitive
o : Negative
Unit : min
5TEA
’::;r 1300
1250
conv
12:40
WM
12:3
12X
HRIL
1200
SNOW
— i
(c) Classification of precipitation type from the RMQ system (left) and lightening image
(right): blue color represents stratiform rainfalls and red color represents convective rainfalls.
the area of convective rainfalls is identical to the lightening.
Precip.Est Precip.EstLGC
2012.07.15. 2012.07.15.
13:00(KST) 13:00(KST)

(d) QPE image of the RMQ system before (left) and after (right) the LGC technique:

red circles represents corrected rainfalls with the LGC technique.

Fig. 6. Continued.

9 99)elM 1.5km CAPPISH HSR FAETE vMAlE & @HES Besie] AP 93 g
7b oksHAl veRdth. &, I=7F Bod whAke= 7 §le] geold whAkEE & YERl L ok
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Fig. 7. Comparison of precipitation composite images of the AWS, RAR, and RMQ system in Event#3.
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