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Abstract

The rainfall-runoff model has been generally adopted to obtain a consistent runoff sequence with the use of the long-term ground-gauged
based precipitation data. The Thiessen polygon is a commonly applied approach for estimating the mean areal rainfall from the
ground-gauged precipitation by assigning weight based on the relative areas delineated by a polygon. However, spatial bias is likely to
increase due to a sparse network of the rain gauge. This study aims to generate continuous runoff sequences with the mean areal rainfall
obtained from radar rainfall estimates through a PRMS rainfall-runoff model. Here, the systematic error of radar rainfall is corrected by
applying the G/R Ratio. The results showed that the estimated runoff using the corrected radar rainfall estimates are largely similar and
comparable to that of the Thiessen. More importantly, one can expect that the mean areal rainfall obtained from the radar rainfall
estimates are more desirable than that of the ground in terms of representing rainfall patterns in space, which in turn leads to significant
improvement in the estimation of runoff.
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Fig. 2. Hydrological processes simulated by the PRMS model (Leavesley, 1984)
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Table 1. Sub-basins and their areas used in this study
No. Basin Code Area (km?) No. Basin Code Area (km?) No. Basin Code Area (km?)
1 1001 2,447.85 40 2010 1,005.33 79 3201 685.06
2 1002 1,773.39 41 2011 1,109.84 80 3202 1,336.04
3 1003 2,483.82 42 2012 2,092.42 81 3203 954.14
4 1004 1,614.36 43 2013 781.7 82 3301 1,405.60
5 1005 524.42 44 2014 532.16 83 3302 1,117.53
6 1006 1,491.01 45 2015 928.94 84 3303 844.05
7 1007 2,072.72 46 2016 402.96 85 4001 763.47
8 1008 2,384.68 47 2017 473.26 86 4002 237.08
9 1009 940.45 48 2018 2,281.72 87 4003 370.89
10 1010 1,587.45 49 2019 1,185.08 88 4004 431.24
11 1011 931.22 50 2020 1,004.68 89 4005 486.67
12 1012 1,852.04 51 2021 1,422.30 90 4006 183.24
13 1013 721.7 52 2022 915.84 91 4007 1,029.52
14 1014 1,566.05 53 2101 1,139.99 92 4008 283.78
15 1015 760.61 54 2201 660.86 93 4009 1,128.43
16 1016 561.12 55 2301 324.16 94 4101 1,074.40
17 1017 43.87 56 2302 541.28 95 4102 384.61
18 1018 1,537.22 57 2401 1,332.77 96 4103 124.07
19 1019 848.42 58 2402 905.65 97 4104 1,048.40
20 1020 2,195.20 59 2403 656.59 98 4105 612.71
21 1021 2,072.71 60 2501 797.26 99 4106 140.6
22 1022 2,452.18 61 2502 358.7 100 5001 714.8
23 1023 1,419.21 62 2503 533.83 101 5002 565.04
24 1024 146.4 63 2504 770.55 102 5003 663.98
25 1101 1,658.66 64 3001 930.43 103 5004 408.13
26 1201 1,009.55 65 3002 127.72 104 5005 218.95
27 1202 961.26 66 3003 464.08 105 5006 483.63
28 1301 1,852.93 67 3004 705.51 106 5007 264.34
29 1302 1,050.11 68 3005 664.62 107 5008 150.71
30 1303 986.64 69 3006 120.42 108 5101 505.52
31 2001 1,628.68 70 3007 553.56 109 5201 43743
32 2002 1,975.77 71 3008 667.48 110 5202 1,069.31
33 2003 980.41 72 3009 648.99 111 5301 511.11
34 2004 1,816.06 73 3010 129.82 112 5302 1,097.99
35 2005 914.43 74 3011 1,854.98 113 5303 514
36 2006 433.11 75 3012 1,843.73 114 6001 378.5
37 2007 224.13 76 3013 666.1 115 6002 348.36
38 2008 1,405.99 77 3014 536.58 116 6003 363.56
39 2009 175.51 78 3101 1,668.39 117 6004 761.8
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Fig. 4. Sub-basin and weather radar site location
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Table 3. Comparison of the goodness-of-fit measures between Thiessen-based and radar-based areal rainfall (raw and corrected radar rainfalls)

Raw Radar Rainfall Adjusted Radar Rainfall
Watershed cc
NSE fod (mArﬁl;l(f;y) (rfﬁify) NSE fod (mﬂrf/q(ﬁy) (rfnﬂjify)
Han 0.73 0.47 0.74 2.29 9.12 0.49 0.83 2.18 8.80
Nakdong 0.84 0.57 0.80 2.13 7.56 0.70 0.90 2.02 6.29
Guem 0.86 0.70 0.89 2.03 6.13 0.73 0.90 2.03 5.89
Yeongsan 0.84 0.65 0.85 2.28 7.81 0.70 0.89 2.27 7.21
Seomjin 0.88 0.73 0.90 1.98 6.01 0.75 0.91 1.96 5.69
Jeju 0.73 0.36 0.76 3.23 12.25 0.48 0.83 3.15 10.85
Raw data Adjusted data

Radar Rainfall (mm/day)

10! 10? 10°
Thiessen Area Rainfall (mm/day)

10

Radar Rainfall (mm/day)

10! 10? 10°
Thiessen Area Rainfall (mm/day)

Fig. 5. Scatter plot of weather radar rainfall by G/R ratio method before correction and after correction against the Thiessen area rainfall
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Watershed cc NSE loA MAE (m’/s) RMSE (m’/s) Bias (m’/s)
Han 0.75 0.54 0.81 10.20 41.72 0.66
Nakdong 0.69 0.44 0.75 5.91 30.54 0.65
Guem 0.74 0.51 0.80 11.47 39.95 1.79
Yeongsan 0.75 0.53 0.80 12.50 46.92 1.30
Seomjin 0.77 0.56 0.81 6.70 22.58 0.65
Jeju 0.82 0.65 0.86 7.64 26.31 1.79
Table 5. Comparisons of statistical Results between the runoff using Thiessen and radar rainfall (777°/5)
Watershed Area Rainfall Mean Standard deviation Skewness Kurtosis
H Thiessen 17.65 58.76 11.02 191.84
an

Radar 16.99 40.80 8.96 176.01
Thiessen 8.95 40.06 16.25 402.60

Nakdong
Radar 9.31 25.78 13.34 350.57
Thiessen 19.14 57.52 9.79 154.05

Guem

Radar 17.35 39.99 8.133 114.31
Thiessen 20.79 8.60 13.08 269.40

Yeongsan
Radar 19.49 42.90 9.11 172.400
Thiessen 11.58 34.02 9.65 143.49

Seomjin
Radar 10.92 21.62 5.98 55.42
lei Thiessen 16.26 4492 9.56 155.43

eju

! Radar 14.48 30.54 7.22 87.04
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Table 6. Comparison of annual average discharge between observed and simulated (/77/5)

Basin Code Obs Radar | Thie ssen | Basin Code Obs Radar | Thie ssen | Basin Code Obs Radar | Thie ssen
1001 44,770 58.978 44,535 2009 - 1.158 0.630 3014 - 7.646 5.970
1002 31.470 72.983 36.170 2010 5.930 9.573 6.583 3101 34.070 32.496 27.369
1003 47.640 65.021 47.421 2011 - 6.051 2.905 3201 - 12.687 9.139
1004 42.010 51.156 40.649 2012 20.070 13.195 8.529 3202 - 20.303 15.452
1005 - 11.460 8.488 2013 5.080 9.060 6.517 3203 - 15.680 11.003
1006 25.990 36.842 29.291 2014 - 3.325 2.263 3301 21.340 25.005 17.787
1007 37.070 50.382 39.275 2015 6.110 3.780 7.913 3302 13.850 16.769 12.965
1008 21.480 38.541 69.087 2016 - 5.174 2918 3303 - 13.578 11.075
1009 8.470 29.056 28.299 2017 3.360 6.561 3.554 4001 9.600 14.576 9.571
1010 - 45.902 45.310 2018 24.550 42.505 25.192 4002 3.180 3.891 2.445
1011 15.820 27.417 27.445 2019 16.930 14.697 8.932 4003 4.390 4981 3.056
1012 47.760 51.675 50.561 2020 - 6.206 3.252 4004 4.940 7.138 5.335
1013 - 20.747 18.707 2021 5.840 14.309 6.988 4005 4.180 6.648 5.786
1014 - 47.855 40.102 2022 - 9.184 5.093 4006 - 2.736 1.774
1015 14.660 25.057 18.962 2101 4.690 10.503 4.808 4007 - 19.546 11.949
1016 14.330 16.702 14.014 2201 2.780 4957 3.062 4008 3.110 6.757 3.701
1017 - 1.323 0.961 2301 - 3.387 2.078 4009 15.880 22.814 14.975
1018 28.810 42.370 39.180 2302 - 10.850 5.632 4101 - 16.968 14.382
1019 - 14.750 16.314 2401 - 24.900 18.690 4102 - 5.180 5.572
1020 35.570 36.191 52.798 2402 - 13.183 10.929 4103 - 2.349 2.472
1021 35.620 40.678 40.065 2403 - 7.821 5.787 4104 12.000 20.006 14.834
1022 58.660 51.504 51.106 2501 - 11.898 10.148 4105 10.940 9.603 8.620
1023 - 20.456 17.854 2502 - 9.879 7.254 4106 - 2.437 2.344
1024 - 2.302 2.185 2503 - 14.327 14.806 5001 8.550 12.006 9.970
1101 40.940 35.204 31.599 2504 - 11.401 9.551 5002 5.740 8.861 7.388
1201 - 18.639 15.366 3001 12.440 19.891 18.392 5003 7.290 9.382 7.041
1202 - 19.839 20.005 3002 - 2.706 2.358 5004 3.840 4.725 4919
1301 - 35.423 44.153 3003 4.280 8.616 7.264 5005 3.190 2.554 2.541
1302 12.390 14.067 18.432 3004 8.920 12.689 9.372 5006 - 4.194 4.924
1303 - 14.495 13.775 3005 6.230 11.665 7.797 5007 - 2.451 2.900
2001 17.670 31.935 23.759 3006 - 1.866 1.238 5008 - 0.896 0.989
2002 12.330 29.632 21.144 3007 8.530 11.878 9.214 5101 4.460 6.007 4.657
2003 13.770 13.200 11.608 3008 - 13.720 12.488 5201 - 3.326 4.077
2004 20.690 39.983 25.966 3009 16.750 13.840 11.671 5202 - 9.477 9.829
2005 22.390 29.702 22.603 3010 3.630 2.843 2.726 5301 - 7.175 7.267
2006 3.200 7.442 5.119 3011 44.430 46.929 42.822 5302 - 12.172 12.534
2007 - 2.797 2.035 3012 46.780 36.445 29.987 5303 - 2.855 3.613
2008 5.850 12.517 8.580 3013 - 12.837 10.917
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