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A Study on Vector—-based Converting Method for Hydrological
Application of Rainfall Radar Image

X A gk 27 T/ b2l Ao
Jee, Gye Hwan / Oh, Kyoung Doo / An, Won Sik

Abstract

Among the methods of precipitation data acquisition, a rain gauge station has a distinctive advantage
of direct measurement of rainfall itself, but multiple stations should be installed in order to obtain areal
precipitation data required for hydrological analysis. On the other hand, a rainfall radar may provide areal
distribution of rainfall in real time though it is an indirect measurement of radar echoes on rain drops.
Rainfall radars have been shown useful especially for forecasting short-term localized torrential storms
that may cause catastrophic flash floods. CAPPI (Constant Altitude Plan Position Indicator), which is one
of the several types of radar rainfall image data, has been provided on the Internet in real time by Korea
Meteorological Administration (KMA). It is one of the most widely available rainfall data in Korea with
fairly high level of confidence as it is produced with bias adjustment and quality control procedures by
KMA. The objective of this study is to develop an improved way to extract quantitative rainfall data
applicable to even very small watersheds from CAPPI using CIVCOM, which is a new image processing
method based on a vector-based scheme proposed in this study rather than raster-based schemes
proposed by other researchers. This study shows usefulness of CIVCOM through comparison of rainfall
data produced by image processing methods including traditional raster-based schemes and a newly
proposed vector—based one.

Keywords : areal rainfall, radar, CAPPI, vector-based processing, CIVCOM
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(a) Raster Data Structure

(b) Largest share rule

(c) Centroid point rule

Fig. 4. GeoProcessing Method of Raster-based Schemes
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Fig. 9. Vectorizing of Radar Rainfall Image Data

Table 1. RGB Color Values for Rainfall Intensities

Ifrigil; Red Green | Blue I?;Eii)l Red Green Blue f{rilrlrl]l;ili Red Green Blue
0.1 196 196 196 6 255 255 115 30 255 150 130
0.2 140 220 255 7 255 240 75 35 255 90 80
0.4 110 190 255 8 245 225 10 40 255 20 10
0.6 76 160 255 9 255 200 10 50 200 0 0
0.8 35 120 255 10 255 165 5 60 238 130 240

1 13 90 255 12 255 180 230 70 210 112 241
15 140 255 140 14 255 153 203 80 186 85 245
2 110 240 110 16 255 90 180 90 160 32 245
3 75 225 75 18 235 50 150 100 148 0 251
4 40 206 40 20 215 15 114
5 10 180 10 25 255 180 156
734 BEKERSEERLE
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Fig. 10. Computional Procedures of Areal Radar Rainfall by CIVCOM

Table 2. Geomorphic Features of the Rivers Studied in this Research

River Length (km) Area (km®) River Length (km) Area (km®)
Gumchun-Cheon 4.77 8.71 Banseak-Cheon 7.56 15.60
Gwarye-Cheon 2.50 7.48 Ahgok-Cheon 3.60 2.39
Kumseung-Cheon 5.20 11.82 Jinjam-Cheon 8.60 26.38
Daejeon-Cheon 11.59 87.82 Tandong-Cheon 8.75 20.77
Dooye-Cheon 21.40 69.70 Youdeung—Cheon 44.40 289.14
Maenoe-Cheon 10.27 17.62 Gab-Cheon 73.70 648.87
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Table 3. Computing Average Area Rainfall By Raster-based Schemes (Unit: mm)

P Areza 9 AM 10 AM 11 AM 12 PM 13 PM Total Rainfall
kmd) © | @ | O| @ | ©® | @ |0®|@ |0 |O0| 0| O |O®
Gum-Cheon 871 | 7.00 | 7.00 |40.00| 40.00 | 32.50 |32.50(29.00|29.00| 1.00 | 1.00 |109.50{109.50| 0.00
Gwarye-Cheon | 7.48 | 0.00 | 0.00 | 0.00 | 0.00 | 35.00 [35.00| 450 | 450 | 7.00 | 7.00 | 46.50 | 46.50 | 0.00
Kumseung-Cheon | 11.82 | 18.50(12.00 | 14.00 | 16.00 | 15.00 |16.00| 8.50 | 8.00 | 5.50 | 5.00 | 61.50 | 57.00 | 4.50
Daejeon-Cheon | 87.82 | 278 | 264 | 0.13 | 0.14 | 2352 |23.00| 5.30 | 5.18 |12.87|12.91| 44.61 | 43.86 | 0.75
Doogye-Cheon |[69.70 | 0.57 | 0.50 | 4.43 | 4.25 |18.43|17.44|12.43|13.00| 1.29 |1.25|37.14| 36.44 | 0.71
Maenoe-Cheon | 17.62 | 3.67 | 3.00 [10.67| 10.00 | 20.67 |31.00{15.33]23.00| 4.00 | 4.00 | 54.33 | 71.00 |-16.67
Banseak-Cheon | 15.60 | 0.00 | 0.00 | 0.00 | 0.00 | 13.80|11.00|10.00|10.25| 7.20 | 7.00 | 31.00 | 28.25 | 2.75
Ahgok-Cheon 2.39 [ 0.00 | 4.00 | 0.00 | 40.00 | 0.00 |30.00| 0.00 |60.00| 0.00 | 1.00| 0.00 [135.00| -135
Jinjam-Cheon | 26.38 | 0.00 | 0.00 | 0.00 | 0.00 |27.60 |27.17{10.00(10.67| 1.80 |2.00 | 39.40 | 39.83 | -0.43
Tandong-Cheon | 20.77 | 0.00 | 0.00 | 0.00 | 0.00 | 7.25 | 7.25 [11.00|11.00| 2.25 | 2.25| 20.50 | 20.50 | 0.00
Youdeung-Cheon [289.14| 5.14 | 514 | 4.24 | 4.35 | 21.70 |21.39(12.77|1259| 791 |7.86 | 51.77 | 51.34 | 0.43
Gab-Cheon 648.87| 3.04 | 3.00 | 5.66 | 5.62 |19.04 |18.89|16.41|16.42| 5.26 | 5.21 | 49.41 | 49.14 | 0.27
Average 100.53| 3.39 | 3.11 | 6.59 | 10.03 | 19.54 |22.55|11.27|16.97| 4.67 | 4.71 | 45.47 | 57.36 |-11.89
Note) @ : Rainfall by Largest share rule, @ : by Centroid point rule
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Fig. 12. Areal Boundary Relationships by Raster-based Schemes

Table 4. Average Areal Rainfall Computed by CIVCOM

River Area(km’) Time Total Rainfall
9AM | 10 AM | 11 AM | 12PM | 13 PM (mm)
Gumchun-Cheon 8.71 6.23 23.68 2452 25.64 1.21 81.29
Gwarye-Cheon 7.48 0.00 0.00 26.31 4.72 6.69 37.72
Kumseung-Cheon 11.82 13.30 13.99 15.87 9.59 5.56 58.32
Daejeon-Cheon 87.82 2.68 0.20 2371 5.30 12.90 44.79
Dooye-Cheon 69.70 0.61 4.69 16.53 13.13 1.34 36.29
Maenoe-Cheon 17.62 3.37 11.87 16.61 27.53 3.95 63.32
Banseak-Cheon 15.60 0.00 0.00 13.47 9.85 6.72 30.03
Ahgok-Cheon 2.39 375 40.00 27.64 54.32 1.00 126.71
Jinjam-Cheon 26.38 0.00 0.00 26.32 9.68 2.12 38.12
Tandong-Cheon 20.77 0.00 0.00 9.26 9.99 2.87 2212
Youdeung-Cheon 289.14 5.14 461 21.10 12.80 7.87 51.53
Gab-Cheon 648.87 3.02 5.81 18.74 16.23 5.19 49.00
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Fig. 13. Areal Boundary Relationships by CIVCOM
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Table 5. Computing of Average Areal Rainfall by CIVCOM and Raster-based Schemes (Unit: mm)

Raster-based Schemes 1 - @3 2) - Q)
River Name é‘;re;i Largest share | Centroid point CIVEOM
m’) 3) (mm) | (%) | (mm) | (%)
rule (1) rule (2)
Gumchun—-Cheon 8.71 109.50 109.50 81.29 28.21 35 28.21 35
Gwarye-Cheon 7.48 46.50 46.50 37.72 8.78 23 8.78 23
Kumseung—-Cheon 11.82 61.50 57.00 58.32 3.18 5 -1.32 2
Daejeon—Cheon 87.82 44.61 43.86 44.79 -0.18 0 -0.93
Dooye—-Cheon 69.70 37.14 36.44 36.29 0.85 2 0.15 0
Maenoe—Cheon 17.62 54.33 71.00 63.32 -8.99 14 7.68 12
Banseak—Cheon 15.60 31.00 28.25 30.03 0.97 3 -1.78 6
Ahgok-Cheon 2.39 0.00 135.00 126.71 -126.71 100 8.29 7
Jinjam—-Cheon 26.38 39.40 39.83 38.12 1.28 3 1.71 4
Tandong-Cheon 20.77 20.50 20.50 22.12 -1.62 7 -1.62 7
Youdeung-Cheon | 289.14 51.77 51.34 51.53 0.24 0 -0.19 0
Gab-Cheon 648.87 49.41 49.14 49.00 0.41 1 0.14 0
Average 100.53 45.47 57.36 53.27 -7.80 | 16.08 4.09 | 817
Aoz EAEE
+ INDAGR : Index of agreement(X]%x)
sHal 7= A ol o5 n
423 g;cghglio# 7|& sAE 71Hol| 2|5t ;(%(t)_qs(t))?
d=1-— (3a)
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Table 6. Statistical Evaluation of Raster-based Schemes

River Area (km?) Raster-based Schemes INDAGR WPPMOM MOBJEN
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Table 7. Results of Rainfall-runoff Simulations for ‘06 Typhoon Ewiniar

(unit : m¥s)

: Ground rainfall CIVCOM-based radar rainfall
Flood Water Stage observation - -
simulation |error (AQp, %) simulation error (AQp, %)
Peak flow 175.82 152.25 23.57, 134 195.17 19.35, 11.0
Gasuwon
Peak time 7/9 17 hr 7/9 17 hr - 7/9 18 hr 1hr
Peak flow 154.73 105.32 4941, 31.9 159.63 49, 3.2
Yuseong
Peak time 7/9 19 hr 7/9 19 hr - 7/9 20 hr 1hr
Peak flow 248.01 241.44 6.57, 2.6 242.03 598, 2.4
Hoeduck -
Peak time 7/9 19 hr 7/9 19 hr - 7/9 19 hr -
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Fig. 14. Results of Rainfall-runoff Simulations for ‘06 Tphoon Ewiniar
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