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Abstract

Rain radar provides high spatio-temporal radar rainfall that can be used as input data to short-term precipitation forecasting models.
Korea Institute of Civil Engineering and Building Technology (KICT) has developed a flash flood forecasting system that is providing
flash flood forecasting based on short-term rainfall forecasts estimated by the radar rainfall. Accuracy of the radar rainfall as well as the
short-term rainfall forecasts, however, can deteriorate when radar polarimetric variables have error. In this study, we develope real-time
program that can correct the error inherent in the radar polarimetric variables. First, effect according to the correction of the error was
verified using 363 rainfall events on non real-time. The accuracy (1-NE) of the radar rainfall was approximately 70% and correlation
coefficient was higher than 0.8 after correcting the error on non real-time. The accuracy (1-NE) using the real-time program was also
approximately 70% after correcting the error.

Keywords: Rain radar, Radar polarization data, Accuracy of radar rainfall, Real-time correction
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Table 1. Specifications of bislsan radar

Manufacturer METSTAR (China)
Beam width (°) 0.95°
Transmitting frequency (MHz) 2,795.0
Peak power (kW) 750
Site altitude (m) 1,085
Observational range (km) 150
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Table 2. Events applied to validate to error correction program

Year | No. Month/Day

05/01, 05/02, 05/08, 05/14, 05/15, 05/28, 06/02, 06/08, 06/12, 06/15, 06/18, 06/19, 06/23, 06/30, 07/05, 07/06, 07/07, 07/10,
07/11, 07/12, 07/13, 07/14, 07/15, 07/16, 07/17, 07/18, 07/19, 07/22, 08/09, 08/10, 08/11, 08/12, 08/13, 08/14, 08/15, 08/16,
08/17, 08/20, 08/21, 08/22, 08/23, 08/24, 08/25, 08/28, 08/29, 08/30, 08/31, 09/04, 09/05, 09/07, 09/08, 09/09, 09/10, 09/13,
09/14, 09/15, 09/16, 09/17, 10/22, 10/27

2012 | 60

05/10, 05/19, 05/27, 05/28, 06/11, 06/17, 06/18, 06/19, 06/25, 06/26, 06/27, 07/02, 07/03, 07/04, 07/05, 07/07, 07/08, 07/13,
07/14, 07/15, 07/17, 07/22, 07/23, 07/24, 07/28, 07/29, 07/30, 07/31, 08/01, 08/02, 08/03, 08/04, 08/05, 08/06, 08/10, 08/11,
08/20, 08/21, 08/22, 08/23, 08/24, 08/25, 08/29, 08/30, 08/31, 09/07, 09/10, 09/11, 09/12, 09/13, 09/14, 09/24, 09/29, 09/30,
10/06, 10/07, 10/08, 10/09, 10/10, 10/15

2013 | 60

05/08, 05/11, 05/12, 05/25, 05/26, 06/12, 06/22, 06/23, 07/02, 07/03, 07/13, 07/17, 07/18, 07/23, 08/02, 08/03, 08/04, 08/10,

2014135 | 08/14, 08/15, 08/16, 08/17, 08/18, 08/19, 08/20, 08/21, 08/22. 08/25, 09/03, 09/24. 10/13, 10/20, 10/21, 10/22. 10/31

05/03, 05/11, 05/12, 05/18, 05/30, 06/25, 06/26, 06/30, 07/08, 07/09, 07/12, 07/22, 07/23, 07/24, 07/29, 08/02, 08/08, 08/11,

2015135 08/12, 08/13, 08/21, 08/25, 08/28, 09/01, 09/05, 09/06, 09/11, 09/12, 09/16, 09/17, 09/23, 10/01, 10/10, 10/11, 10/27

05/03, 05/10, 05/16, 05/24, 06/04, 06/08, 06/12, 06/15, 06/19, 06/20, 06/21, 06/22, 06/24, 07/01, 07/02, 07/03, 07/04, 07/06,
2016 | 45 | 07/07,07/11, 07/12, 07/16, 07/24, 07/25, 07/31, 08/02, 08/07, 08/15, 08/16, 08/28, 09/02, 09/03, 09/08, 09/12, 09/17, 09/18,
09/26, 09/27, 09/28, 09/29, 09/30, 10/05, 10/08, 10/16, 10/28

05/05, 05/09, 05/12, 05/24, 06/06, 06/07, 06/24, 06/25, 06/26, 06/28, 06/29, 07/01, 07/02, 07/03, 07/04, 07/05, 07/06, 07/07,
07/08, 07/09, 07/10, 07/11, 07/14, 07/15, 07/16, 07/17, 07/18, 07/22, 07/23, 07/24, 07/25, 07/28, 07/29, 07/31, 08/01, 08/09,
08/10, 08/14, 08/15, 08/16, 08/17, 08/18, 08/19, 08/20, 08/21, 08/22, 08/23, 08/24, 08/28, 09/06, 09/07, 09/11, 09/17, 09/20,
09/27, 10/01, 10/02, 10/06, 10/11, 10/12, 10/15

2017 | 61

05/02, 05/06, 05/07, 05/12, 05/13, 05/17, 05/18, 05/22, 05/23, 05/30, 06/05, 06/10, 06/11, 06/19, 06/26, 06/27, 06/28, 06/29,
2018 | 53 | 06/30, 07/01, 07/02, 07/03, 07/04, 07/05, 07/06, 07/09, 07/28, 08/09, 08/10, 08/15, 08/23, 08/24, 08/25, 08/26, 08/27, 08/28,
08/29, 08/30, 08/31, 09/01, 09/02, 09/03, 09/04, 09/07, 09/13, 09/14, 09/20, 09/21, 09/29, 09/30, 10/05, 10/06, 10/26

2019 | 14 | 07/15,07/16,07/19, 07/20, 07/21, 07/25, 07/26, 07/27, 07/28, 07/29, 07/30, 07/31, 10/02, 10/03
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/DPV_BIAS/RES/DPV_BIAS.par ‘ Parameters input ‘
4‘ Read parameters : read_par.f90 ‘
Y
/DPV_BIAS/RES/aws_coord Gauge and radar
/DPV_BIAS/RES/rdr_coord information input
Find grid matching between gauge
and radar : match_gag rdr.f90
202005250000(YYYYMMDDHHMN) ‘ Time input(LST)
Make accumulated time :
make_date.f90
Y
Radar : UF, Netcdf, Binary Radar and gauge data
Gauge : Text input

Read radar data :
read_bin_data.c
read_nc_data.foo

f2
Read gauge data : wmee
read_gag_data.fo0 Estimate mode of variables : ‘

stat.fe0

Variables optimization

Estimate radar rain rate :
est_rm.f90 Estimate accumulated radar ‘

rainfall : est_arr.f90
Estimate statistics :
est_err_stat.fo0

‘ Optimal \:ranahles
output

RDR_{$SITE} DPV_BIAS {$date}. txt

Fig. 7. Structure of source codes
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FEAL L 0 & AX|E] = glo]H 79 e E ARl 7= b mRtE]of Qlrh 32 Ak I R £
“est_arr.f0” o A= GA AP E ol A9 EE Elol FAFA| AN A HaF AR SRR, BEE, A= 7%
7&%%*°EHM°}1 “est_err_stat.f90”-2 2| o] & -t} Ao 918, 7154 XY 23, AR AR)e] a2ts| o] Qi
A 7S vlaste] Qa5 At “/SH” A E 2] Wof] ]2+ ATHE(“DPV_BIAS.sh”)
“/RES” Y E2] Yjof] 3)=“DPV_BIAS par”< o]t H = X2 T Ao a3t 2 o WS A4Skl BINY
oA AARE R T2 0] Qe gl S Rg 7 A of Y1150 Y= A Z= TS AARES 2 A5 3ITHFig. 9).
Fo] ol mfeto| e mhdolot. 2 w2 Fig, 83 o] A} AAHENN 2 22 0| 0 A7 ol A=,



J. Yoon et al. / Journal of Korea Water Resources Association 54(12) 1329-1338

Il Information for input datal!
RN AR AR TARR A

-360

7000000
UF

/DPV_BIAS_TRG/RES
/DPV_BIAS_TRG/DATA/INPUT/RDR
/DPV_BIAS_TRG/DATA/INPUT/TRG

Information for input data

INACC_TIME :Accumulated time(min) to make dual pol. data
INITV_TIME : Interverl time of input data(dual pol. data)
INUM_MAX_GAG : maximum number of gauges

I NUM_MAX_RDR : maximum number of radars

INROW_MAX  : maximum number of row(y) for radar data
INCOL_MAX : maximum number of colum(x) for radar data

I NUM_MAX_DPV : maximum number of Dual-Pol, Variables to Calculate Bias
! Format of indata : NC(netcdf), BI(Binary), UF(Universal Format)
! Directory for parameter files

! Directory for radar input data

| Directory for gauge input data

T T T T T
Il Information for output data!!
RN IARR A
™
/DPV_BIAS_TRG/DATA/OQUTPUT

Information for output data

! Format of output data : TX(Text)
! Directory for output data

TITTTTIT TN I TTTTTIT
11 Map Information(LCC) n
|m|mlulululuuuumuumuuuluu
6371.00877

35.0

37.0

33.7

124,45

Map information

.
I I
.

I R[km] : Earth Radius

| SLAT1[degree] : Standard Latitude 1

| SLAT2[degree] : Standard Latitude 2

I OLAT[degree] : Latitude of known point in map(33.7)

| OLON[degree] : Longitude of known point in map(124.45)

I XOlgrid] : X-coordinate of known point
1'YOlgrid] :Y-coordinate of known point
I DD[km] : Grid distance in map

Fig. 8. Information of “DPV_BIAS.par’

DPV_BIAS.sh

MAIN_PATH=/DPV_BIAS TRG
export MAIN_PATH
export LD_LIBRARY_PATH

BIN=$MAIN_PATH/BIN
RES_DIR=$MAIN_PATH/RES

SEL_RDR=$%$1

GAG_COORD=$RES_DIR/'trg_coord*
RDR_COORD=$RES_DIR/'rdr_coord"

seltime=%2

LD_LIBRARY PATH=/usr/local/netcdf/lib:/usr/local/netcdf-fortran/lib

file_PAR=$RES_DIR/'DPV_BIAS_TRG.par’

! Path of main program
' Path of library

| Path of executable file
! Path of parameter files

| Input radar site (BSL, GRS, MHS, SBS, SDS, YBS)

! Coordinate of gauge location
! Coordinate of radar location

! Input time ($YYYYMTDDHHMN)

$BIN/./dpv_bias_trg $SEL_RDR $file_PAR $GAG_COORD $RDR_COORD $seltime

[yoon@localhost SH]#./DPV_BIAS,sh BSL 202102201300

Fig. 9. Information of “DPV_BIAS.sh”
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%At Lol Mo} 2ol WA o] Mol tigk4dBzotsdBz A= RA F AT e T
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Z Bias (dBZ)
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Time (hr)
(a) Reflectivity

ZDR Bias (dB)
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Time (hr)

(b) Differential reflectivity

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190

Time (hr)

(c) Accuracy before and after correcting bias

Fig. 10. Results from executing real-time program (2021.07.03.~10)
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