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Verification of Initial Field of Very Short-Term Radar Rainfall
Forecasts using Advanced System: A Case Study of Typhoon
CHABA in 2016

EPATIC . QM . gl

*

Jang, Sangmin®, Yoon, Sunkwon®, and Park, Kyungwon™

Abstract

In this study, initial field improvement study was conducted to improve the accuracy of radar-based very short-term forecasting systems
for heavy rainfall. We estimated the radar rainfall using stratiform, convection, tropical and classified Z-R relationship and it was used as
initial field of very short term forecasting systems. The accuracy of estimated and forecasted rain was also evaluated qualitative and quantitative
by comparison of the observed rain on the case of torrential rain by Typhoon Chaba on October 5, 2016. The correlation coefficient (CORR)
and the root mean square error (RMSE) of the composite type Z-R relationship were greatest at 0.8207, 9.22, and 0.8001, 10.53 for Biseulsan
radar (BSL) and Myeonbongsan radar (MYN), respectively. As a result of the analysis of rainfall forecasts, the distribution of rainfall intensity
and the pattern of movement for the severe rainfall cases were generally well simulated, with 0.97 or higher in POD and 0.21 or less than
in FAR. Quantitative assessment has shown a relatively good correlation, with CORR greater than 0.545 for BSL and greater than 0.379
within 60 minute and differences of CORR in Z-R relational types were found to be small. For RMSE, it was confirmed that the tropical
and classified Z-R relationship was highly accurate. The results of this study identified the potential for improvement in radar-based very
short-term forecasting systems by improving the initial field accuracy, and efforts are needed to improve the rainfall estimation and forecasting
algorithms through ongoing case studies and verification in the future.

Key words : Radar Rainfall Estimate, Z-R Relationship, Initial Field, Very Short-Term Forecast
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= 13714 T Apeel U E|ar 2chaie) e
Zeolzo] FRstc 1o WA e PeolEe] Het
L= ZESca &8 4 glth(Kato et al., 2009).

Wb o2 719 oS Hdlofl= g 7ol theh @it
¥](Extrapolation), 7--0] g @ Aol ojst e,
A 52d So] 9] o m(Wilson et al., 1998), ©] & =A|E
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d|&o] F-83lttal A SIthJang et al., 2016; Kim et
al., 2015; Thorndahl and Rasmussen, 2013; Yoon et al.,
2017). loJH 7|t 257]dE 2do] e xb= vhaa o]
7o) wreto] gt o, of5ulElo] 240}, ol
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s 4 e (Seed, 2003), 2 oA, 271AFR )
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density function) = AJ4Pgste] ZR BAAS AAsH=
WPMM (Window Probability Matching Method) 7|53} %]
AN TS S E85to] glojdz 4
H 797 = ZA3}+= Mean Field Bias (MFB), Gauge to
Radar Ratio (G/R), =+ A (Local Gauge Correction,
LGC) 7|1 Sof gigt d5t7} =3 =] thRosenfeld et al.,
1993; Kitchen and Blackall, 1992; Borga et al., 2000; Morin
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Fig. 1. Typhoon Chaba (2016) Track
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BAF glolr]e] 28 Al¢2 S-band o]FHItHo|HE
A, Sz 518 mof| YAt glon, W=uHLe oF
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Aol BxHEE (BT A% 5o dom WA 4
9l x| o] 3(ground echo)7} TSI WAy = Q=
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UF (Universial Format) Fe|2 A5 & A|33ich
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glojt| 9] ¢ S dlkezto] £USHA A Eo] 1.5 km
CAPPI A=E Aokt ZA17F glouh, vis4t dloje g
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Fig. 2. Location of Study Area. Biseulsan radar (BSL) and
Myeonbongsan radar (MYN) radar are indicated black square
and red star, respectively. The small circles show location of
ASOS and AWS
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2 Alotsfettie.g. Blanchard, 1953; Jones, 1956; Joss et
al., 1970; Calheiros and Zawadzki, 1987; Steiner and Houze,
1993; Fulton et al., 1998; Atlas et al., 1999; Gochis et al.,
2015). & AtolA= =AIAH O HFo o 433t ZR
AL F4517] 918k, Table 13} o], Z=200R"
(5% 5 Ra) WAA vl 7] o] HAllE|(Nation
Weather Service, NWS)oJ|A] AME31L Q1= Z=300R"* (T
=3 7} R-b), Atlas et al. (1999)0] A|¢ket Z=334R""
(73 7= Ro), Z2=32R" (FHF 7= Rd) 5 7189
A5 ol e ZR WAAS HE Al Al
2g310] dloje] 9 F4sto] vl - W=sict. o
T AHE ARS] 7, =2 B(eyewall)y} 5 rainbandof| 4]
=]

BAN B9 24 A5 ABPo] Agstern

283510k Steiner et al. (1995)= -5 A0S oy #=
ARE 32k AnHEA R Helshal, = 15 km Ee=
3.0 kmojlA 39 dBZ o3| B F7]9f 1 whak= R
HuAow 37|71 gesA EEe 49S diRd
o2 RS a2 Aol gloly Whak=rt
39 dBZ o)<l Afolle I 45 FEHRDE 283t
T ofsllAs S2F A FEiRays 285t S2%
doige] WAL S At FHQ ZR AR °E
st F9AES S5 on, ZR BAX R F4E
|

24 =H7| 22 o= YUY
& AoAE ot ArREE 21| e dS5a

215te], A7 ©]-83F TREC (Tracking Radar Echoes
by Correlation) *HH-& 28531tk TREC B2 AL5H
T dlojy ¥ A2 RE 54 2719 Aol tis
Ao FEAE 2= deE Zofio] 1S4l 45t
= o R, F gloly WK AR} FAlA Y] Al2HE
o5& EE AAs= W o|tHRinehart and Garvey, 1978).
ZFFA O] o] Lo} o] FHIE ALMAZHS dlEs)o]
Kim and Kim (2009)2] AA-tof|Al A|AJE g2 HEgsto],
A=9-9] 27|15 21 km=, A4E ¥ 27]= 7 km=
sttt AR AEE ol e EU%
Aol Zuj4] ou|7} dojx|o] §li= o sHE S e
T Qo= =, Cressman (1959)7} AAIGE 7F3hr5 285t
of FH AR o|FHHZY| 752 okl olE B8
sto] HAJSEIT

ol sHlE7} 7t AR =R AEEW ol sHE el ZR A
Ao g FAH TS o]8ste] o|F A5 s
AL} ZFAlAaE o] vl A2l o] Fof gk oS FEE
FdA717] $18liA Semi-Lagrangian HHH-S 2)-8-5131 0,
Semi-Lagrangian H*H-2 5-34115F0] S-S aresto] 7
FAAEHLE o] FAIZ 4= Q= A o] QIti(Germann and
Zawadzki, 2002). Fig. 32 #lo|f A7 9] XY, 2H7]
oS H AR s 4 7Y ol dig RS

R,

25 29 51 U R20| 22 % AE

25| 7 oS mao] dhak 44979l A% (qualitative
varification) & 57440} SRR o] o7 Z4atE
(rain contingency table)E- 7%= S} T](Table 2). 7533
L 20 49 olEmae] o el ook WAl

=]

03] F57E Lehu, mdle] Avk 447 Wabeica
A5 sioke wl, A TSl =7t 7155 H His)o] 1L
7155 R] O F (False Alarms)E YERATE E3F 734~7)
eow dzudoly oEsge ), BT 74}
HPYSHH M (Misses), 7471 §1.21 C (Correct Negatives)=

Table 1. Various Z-R Relationships by Precipitation Type and Their Parameters

Classification a b Precipitation type
N, 200 1.6 Stratiform
(Marshall and Palmer,1948)
R-b .
(Fulton et al., 1998) 300 1.4 Convective
Ree 334 1.19 Convective
(Atlas et al.,1999)
R-d ‘
(Gochis et al., 2015) 32 1.65 Tropical
Classified
*R-n .
(In this study) ) - (R-a .1f 39 dBZ < Z,
R-d, if 39 dBZ =7Z7)

N
ron

ZeMstEl =28, M18F 35 2018 4E



r Pre-Processing r QPF-Processing
Correlation coefficient method
Radar UF volume data P
(DZ €Z, VR, SW) 1.5 km CAPPI data (reflectivity) T
| I Maximum correlation coefficient
Extract CZ (dBZ) g TREC (Tracking Radar Echoes by I
Correlation) Advection vector (dx, dy)
l (Rinehart and Garvey, 1978) -
Produce 1.5 km CAPPI data . :
N Consistency correction
(10 min, 1 km) | (Cressman weighting function)
Produce forecast field by
extrapolation [
(within 1 hour)
v
. . Semi-Lagrangian method
Average rain rate within the (Germann and Zawadzki, 2002)
analysis area
- QPE-Prc 9 ||
Calculate rain rate using Z=aRb
Correct rain rate
Fig. 3. Flowchart of Very Short-Term Radar Rainfall Forecasts
elpftick &4 /9] 202 olFOPIPL N (oul mnbers) el 297} 545 F71oHs Ao
L A& E SEH+M+F + C otk
FAR— falfsealarm __F @)
Table 2. Rain Contingency Table rainradar i
Forecast - -
Observation v N CSI= Ags] 53 AR =5 AR A a o
€S o -
- P Ea— T 5 ot e A2®, 004 19 = 7HAIH, 19
€S 1ts als€ alarms
- e I\ 7heSeE ghast oS ofujgict. CSI= PODS} FARC
t 1 - -
° (misses) | € (comeet 1eetions) wjaj Fop M 5ol wztely] wlol, ARe) 47} 2L
NoHrPrMEC Aol wch A4l P AT 4 Aok 1t
oEoxte] Ale TR 4 gl To] qlow], Fas)
27] o5 2l A HSe sl §AI2E (random hi= SRl A7k Rt HEE 4 gloEE,

(POD: probability of detection), 2% 8(FAR: false alarm
ratio), %}74]*‘15'—?(]—.—(CSI critical success mdex) SAAAA
FASETS: hEE RS
POD= 57470l gt ol &574-9-2] Z@LE HlES ofv]
gtk POD2] #9f= 004 1Ate]o|w, 1 w7} ehegh
o|Holt}. POD= o SEEA 7% d4e] s of
Fote Aol 25 SNk, Aeol £2 Aem
U2 4=l o]23h ARs Hekstr] flsiA FARE

e sfjofF gt
correctrainradar H
POD= rainobservation ~ M+ H O
FARE 79 ol % % S¢ 7490] vl ojulsin 1

ek 004 1 Aleleltk 0 < wi7| ket Oﬂi— LERH,

ZHI| ol 22 oF 27| 1=35t

A7) WlEso] o)EsHe Aako] ehdrt,

H
csl= H+M+F @)
ETS:= CSI9] £, Halol bzt naglz dral 392

Allet Ao, CSIHTh o 43 Alekal 7=k
ETS _&“andnm
a H+ M+ F— ]{rn,n,dnm
4
where H . =~ = ]iv(observcd yes X forecast yes)
R g 2 U el2gspel et el oS

34 AFHAGCORR: correlation coefficient)2} H+HA4 4

NAH HE: 20161 EfZ Xt ALHE SAM02 5



L2 2HRMSE: root mean square error)S ©|-&5}31 0w, At
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V(-7 VY0 -0or
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Figs. 49} 5= H|&4t glo|e| e} g4t glo|E o tisto]
Z}7}e] Z-RIA AR 2016'd 109 5 104]0] s AWS
oAl HSH A=t golH 2 F8E s e
W Zo]m, Figs. 63} 72 108 5] thgk AWSL} go]t] €]
A2 e x5 ekl Aojth

AZPE 73974 SRS Hagk oA el - 7
FA1912] 100 mmhr o]39] HEo9of tisiA] Bl&iko]
5 A=0] 79 R, R-d2} Rn EIRIS] ZR A Al0] Ath4
= I 4= §lou, Rdo) ¢ 4t
a1 AR FO] Zhp7t 715H FYollAd=
Aol Ao® Uehkth A4 2 s Blagt
2P0 A= R-c&f R-n®| Z-REA A AWS = A}t
3] FARE At Ueht o, Rd= W 9ol dish
Al oF 80 mm o} M s Ae EIT ¢ qlow,
ol AR ¥ b7t el dolA= Rd B9 ZR
WAL dEAH 0w AgFoen sk ey &
W7} SHE Yehd ZloR ghehE Ra2) R-be] EFRIL]
Z-R PAAE 0] FAoflA a5

HgAk glojt o] A5 gloly AA] Ao AFE] 50 km
HE ool A ®l FEXH = Qlslf Bt == FHol
WA yepston, FitA o2 AR ezt AAof thsiA
WG A= o] Uebgth | Fxb| 2 Qe @ ¢
© 9= AlgJstale vlEAr HlolH el nEA| 2 Rt
R-n®] Z-R A Ao] Ao r £ A& EIch

Fig. 8-2 2AKID:152)3} AH5(ID:854) A Z ol thslf Z-R
Ao g Aot FAASEY AAYE ExE
vehd dxfojrk & glofy kol tiafA] R-a A Al
AWSOA S 79737 20 mm/hr o]5ke] 7
37 A7)ef EEe fARBH 3o, 20 mm/hro]
o] 78t A7 W wolli= 70 % o) wkar g5k
R-d®] 7-¢- 20 mmhr of5}e] Zk=7F W wff ol 85k

(=)
rol

=AU =2, M18H 35 20184 4E

om, 20~100 mmhr 2] 7o A= vl gekstA 4
SHIT}. T1efut 100 mmvbr o/4de] =7 WE wjofl= 10~
20 % A= T ATk Rn 739, Hlo|E|RbAL 39 dBZE
7|50 2 R-a®t R-d2 AFSE FEfjo| =& R-a®t R-d2] A
Alof| vl ZWEAQ1 Zhre s} ek Ads] 2 4519
O}, 100 mmvhr o1ge] 715491 Z=7F WE wjoll= o
5| HaFAsh= AgFo| UET

Figs. 9(@)2} 9b)= Z2+] HloJrof thaf ZR AL o2
FAE AF7tweel AWSOlA ISE e Ee] e E
Hebd Zo|H, Table 30 F&F24 HS 2= Ye ok
H]&SAF glo]r o] A9 R-n9] CORRE 0.8207, RMSE:=
9.22 mm/hr2 W= FEoA 7Y 2 5 UERILS
1, CORR®|| thajAi= Rc7} 02628 FHAR =2 A=
£ 29om, RMSEY]| talA]i= R-d7} Ad o g F2
S Booh HeAl glojH 9] 790 R-n] CORR-
0.8001, RMSE:= 10.53 mm/hro 2 th2 ZR A A Hch
S8t e UER Sl o, BIEAR Hlojt el HlwE uf,
HEAbgolr AR Ay djror o Zox
A= it

3.2 J& A0l A

et Az o s Yl 20169 109 52 0800 LSTHE]
1250 LST7HA] oF sAIZkel eislo] 7k 53 ZR BAAE
olg3lo] FHE HOARE YUARR BE3}o] 2T
7 o e Sl 749 o2 Aol et A -
B4 Ao A%E ST Fig. 102 H]&4Hol
£ ol-&3ste] 20161 109 5 1000 LSTE 7|&o=2 297
= AIS3 AYE AWSTS ALRe} oS ARPER B|ust
o LEhdH Aot} 53t o] B E o|-85to] Alxteitst
of o] FAIA ASTIER, ST Bixe SUSH
YERATE Fig. 1037} o] A4 Q] ZpAlaglE 555
2 olFsiglon, fAL A Bl e A HoflA HSE ASE
ol tsfl -] A7|9f 37HEE sjele thA|Al o=
Z ®ofsigity I8y Ras FS5o97F dARE A oA
602 ASAII7IA| AlGA o2 Mok o] A&
Holow], Rdo] A9 ATHOR 47t 2L ool
oAl o] EatelAl Yehdth Rne] A,
ZRUAA mrt AhE o A 2] SA1 AnkE
e i

HISAE gloejel Hait glojt S 7[Hke s 3 oS At
e} 71 Ao 29 59 MAPLE (McGil Algorithm for
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Fig. 4. Comparison of Spatial Rainrate Distribution Between AWS and BSL using Different Z-R Relationships at 1000 LST on
5 October 2016. (a) Shows AWS observations, (b) to (f) show stratiform, convective, tropical, classified Z-R relations, respectively
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Fig. 6. Comparison of Spatial Accumulated Rainfall Distribution Between AWS and BSL using Different Z-R Relationships on
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Fig. 8. Time Series of AWS and Estimated Rainfall form Radar. (a) shows Ulsan AWS station (ID:152) and (b) shows Samdong
AWS station (ID:854), respectively
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Table 3. Quantiative Verifcation of Z-R Relationships
Type BSL MYN
CORR RMSE CORR RMSE
R-a 0.7094 14.84 0.6981 15.64
R-b 0.7206 14.41 0.7067 15.49
R-c 0.7262 12.59 0.7100 14.09
R-d 0.7063 11.87 0.6956 11.75
“Ren 0.8207 9.22 0.8001 10.53
(In this study)
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Fig. 10. Comparison of Spatial Forecasted Rain Distribution Between AWS and BSL using Different Z-R Relationships
for Read Times of 20, 40, 60 minutes (predicted at 1000 LST, 5 Oct. 2016)
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