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Application of the Radar Rainfall Estimates Using the Hybrid Scan Reflectivity
Technique to the Hydrologic Model
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Abstract

Due to the nature of weather radar, blank areas occur due to impediments to observation, such as the ground clutter.
Radar beam blockages have resulted in the underestimation rainfall amounts. To overcome these limitations, this
study developed the Hybrid Scan Reflectivity (HSR) technique and compared the HSR results with existing methods.
As a result, the HSR technique was able to estimate rainfalls in areas from which no reflectivity information was
observable using existing methods. In case of estimating rainfalls depending on reflectivity scan techniques and
beam-blockage/non beam-blockage, the HSR accuracy is superior. Furthermore, rainfall amounts derived from each
method was inputted to the HEC-HMS to examine the accuracy of the flood simulations. The accuracy of the results
using the HSR technique in contrast to the RAR calculation system and M-P relation was improved by 7% and
10% (based on correlation coefficients), and 18% and 34% (based on Nash-Sutcliffe Efficiency), on average, respec—
tively. Therefore, it is advised that the HSR technique be utilized in the hydrology field to estimate flood discharge
more accurately.
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Fig. 1. Flowchart of the Radar-AWS Rainrate Calculation System (National Institute of Meteorological
Research, 2010)
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Fig 2. Concept of the Hybrid Scan Reflectivity Technique (Maddox et al., 2002)
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Fig. 3. Flowchart of the Hybrid Scan Reflectivity Technique
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Fig. 4. Phased Examples of the Hybrid Scan Reflectivity Technique for the KWK Radar Site
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Table 1. Radars and Events for the Hybrid Scan Reflectivity Technique

(a) Characteristics of weather radars operated by the Korea Meteorological Administration

Radar site

Wavelength | Max. range (km) | Data interval Latitude Longitude

Gwanaksan (KWK)

S-band 240

10-minute 37°26 28" 126°57 '58 7

Gwandeoksan (GDK) S-band 250 10-minute 38°07 02" 127°26 " 02”
Osungsan (KSN) S-band 240 10-minute 36°00 "35” 126°47 709”7
(b) Events in 2012 summer season
Event Period in 2012 Type
0400 LST, 5 July ~0200 LST, 7, July Changma front
1700 LST, 14 August ~ 2300 LST, 16 August Low pressure
1500 LST, 29 August ~ 2300 LST, 30 August Typhoon

Table 2. AWSs Located within 100 km from the Center of each Radar Site

Radar site Total AWSs in beam-blockage area AWSs in non beam-blockage area
KWK 203 110 (54%) 93 (46%)
GDK 171 64 (37%) 107 (63%)
KSN 91 54 (59%) 37 (41%)
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Table 3. Accuracy for Rainfall Estimates of the HSR Technique, RAR Calculation System, M-P Relation in

each Event

Event Rainfall MAE (mm/hr) F-MAE RMSE (mm/hr) F-RMSE

HSR_Rain 3.00 0.75 6.24 1.56

Eventl M-P_Rain 3.61 0.90 7.83 1.95

RAR_Rain 3.09 0.77 6.30 1.58

HSR_Rain 4.73 0.70 9.40 1.40

Event2 M-P_Rain 5.68 0.85 11.27 1.69

RAR_Rain 491 0.73 9.51 1.41

HSR_Rain 2.56 0.56 4.54 1.05

Event3 M-P_Rain 2.89 0.69 5.56 1.40

RAR_Rain 2.61 0.59 4.83 1.15

HSR_Rain 3.43 0.67 6.73 1.34

Total M-P_Rain 4.06 0.81 8.22 1.68

RAR_Rain 3.54 0.69 6.88 1.38

Bold represents the best result among three rainfalls
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Table 4. Accuracy for Rainfall Estimates of the HSR and CAPPI techniques under the Same M-P relation

Method MAE (mm/hr) F-MAE RMSE (mm/hr) F-RMSE
HSR_M-P 3.33 0.65 6.52 1.30
CAPPI_M-P 3.54 0.69 6.88 1.38

Table 5. Accuracy for Rainfall Estimates between the Beam-blockage and non Beam-blockage Areas

Section Rainfall MAE (mm/hr) F-MAE RMSE (mm/hr) F-RMSE

HSR_Rain 2.33 0.59 473 1.23

Beam-blockage M-P_Rain 2.97 0.81 6.78 1.96

RAR_Rain 2.35 0.60 5.01 1.37

N HSR_Rain 2.54 0.64 5.24 1.31

o M-P_Rain 3.10 0.77 6.33 157
beam-blockage

RAR_Rain 2.64 0.71 5.67 1.42
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Fig. 5. Comparison of the AWS, M-P, RAR, and HSR Rainfall Estimates for KWK, GDK, and KSN Radar Sites

AT F109% 20144 10H

875



)
i

o]

4
i
)

BRI,

N
A

o0
My

o}

4.2

B 3ol A= HSR Rain, RAR. Rain, M-P_RainS HEC-
HMSH Ygste] AXtet FZ&% 475 HSR Flow, RAR_
Flow, M-P_FlowZ WW3a}on, AWS #=3HS HEC-
HMSe 1=ste] 2b=3st AaE AWS_Flow= ¥ 35k
o} Table 62 271 o15E ZF9-Alelel digk AWS_Flow,
HSR_Flow, RAR_Flow, M-P_Flow?] A3-4S vehd
t}. Table 69141= AWS #5750l 23t f5% AWS_Flow
o] A#AIE= 09 o), MEE= 08 o2 A=
73 & dx)5ke] HEC-HMS 2] wi7iig= =740] &
= gRleint dlolr] 4 -l o3 =% T HSR
Flow7} #5 fE&%] o 7P Bex o] HSR

ofgt 5+ 4] 7P 7313tk HSR_Flow= 2|
oA it 09 o), R-MAE:= Hit 0.26, R-RMSE: 3
T 0.37, NSEoN| A 31 0.8 oo 2 5 5ol 74 7+
ZHA ®olE ) o™ RAR_Flowst M-P_Flow thH] A7
T Ht o 7%9F 10%, NSE+= 2F 1822} 34% -4

t}. &3k RAR Flowe} M-P_FlowS ®| sl Algl 1]
A= RAR_Flow?] gHdo] =9kl Al 2004 7€ 1
s25te] Hit A o2 RAR AHE Ala®l 74 29w 93t

9P QN5 misk o] 3

B 49 FEAe 4B J9ge F4sken A
7} glom, ole @ HAAe] HEY B dFE F

Figs. 6 and 7-& 7+ A1l #loly] 4 2935 o]

2 59| fEol e AALS Jeha 9tk Fig. 6
ol A Abe 1ol thgk Z-$-2K(Fig. 6a)7 22K (Fig. 6b) Al
AGS vwsd, RAR Raing 7244 27](1~20 hr)
o= F9-9ou 9 5713121 ~31 hr)s ¢t #5743
S A FAs o) o] 7|7t o] % 43| et 7t
Zhth 5719 A1ZH42~51 hr)oll ThA] Z49-7F 34 5=
Fe)2 Uity M-P_Raine 2% F5713F 27 =
WAameletal HFT|gke] 2t o] % {43 et A
Itk olell uks] HSR Raine] A #2739 JeiE 2
vebg ot 48 A7)zl i FaFAE A o]
of W2 Reoj {FEHS A EH, RAR Flowe] 35

Table 6. Accuracy of Hydrologic Model Results of AWS, HSR Technigue, RAR Calculation System, and M-P

Relation for each Event

Section Rainfall MAE (mm/hr) F-MAE RMSE (mm/hr) F-RMSE
HSR_Rain 2.33 0.59 473 1.23
Beam-blockage M-P_Rain 2.97 0.81 6.78 1.96
RAR_Rain 2.35 0.60 5.01 1.37
HSR_Rain 2.54 0.64 5.24 1.31
Non M-P_Rain 3.10 0.77 6.33 1.57
beam-blockage
RAR_Rain 2.64 0.71 5.67 1.42
Bold represents the best result except AWS results
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Fig. 7. Comparison of Rainfall and Streamflow Time Series for each Method in Event2
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