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Abstract

Various applications of radar rainfall data have been actively employed in the field of hydro-meteorology. Since radar rainfall is
estimated by using predefined reflectivity-rainfall intensity relationships, they may not have sufficient reproducibility of observations.
In this study, a generalized linear model is introduced to better capture the Z-R relationship in the context of bias correction within a
Bayesian regression framework. The bias-corrected radar rainfall with the generalized linear model is more accurate than the widely used
mean field bias correction method. In addition, we analyzed variability of the bias correction parameters under various geomorphological
conditions such as the height of the weather station and the separation distance from the radar. The identified relationship is finally used
to derive a regionalized formula which can provide bias correction factors over the entire watershed. It can be concluded that the bias
correction parameters and regionalized method obtained from this study could be useful in the field of radar hydrology.
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Fig. 1. Flow diagram of bias correction approaches for the radar
rainfall
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Table 1. Specification of the Oseongsan radar

Model Name WSR -98D/S
Manufacturer Metstar (China)
Latitude 36°00" 46"
Longitude 126°47' 03"
Max Power 750 KW
Observation Effective observation distance 240 km
distance Maximum observation distance | 480 km
Antenna Speed 12 (°/s)
Gate Size 250 m
Bin Witdh 1.0°
Radar Height 231 m
Number of rays 360
Number of bins 957
Frequency 2.735 MHz (S-band)

- L}
R

% Yo

§ o

Fig. 2. Maps showing the locations of Osungsan radar (left panel) and ground gauges (right panel)
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Table 2. Weather stations used in this study and their geomorphological informations
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Station No. Station Name Latitude Longitude Height (EL. m) Separation Distance (km)

317 Moaksan 35°43" 46" 127°06" 51" 101.3 48.37

614 Seocheon 36°03" 44" 126°42" 15" 8.0 10.43

615 Nonsan 36°12" 42" 127°06" 30" 11.5 42.30

618 Cheongyang 36°25' 25" 126°46' 45" 98.12 45.71

635 Yanghwa 36°07" 55" 126°51" 37" 10.0 15.74

646 Chunjangdae 36°10" 27" 126°31" 45" 13.1 33.53

657 Daecheonhang 36°19' 26" 126°30" 14" 42.31 46.56

691 Jeongsan 36°22' 57" 126°57" 31" 21.87 45.46

702 Iksan 35°56" 42" 126°59" 40" 14.54 24.57

719 Seonyudo 35°48" 42" 126°23" 52" 11.45 48.41

733 Hamna 36°02' 45" 126°53" 31" 49.0 12.55

734 Wanju 35°54' 23" 127°09" 55" 43.0 44.03

736 Jinbong 35°50" 48" 126°47" 02" 6.0 18.45

737 Gimje 35°48' 33" 126°52" 40" 51.0 24.92

738 Julpo 35°36' 34" 126°42' 39" 9.7 45.58

761 Taein 35°39' 03" 126°56’ 05" 13.53 43.59

763 Yeosan 36°03" 33" 127°03" 43" 35.86 31.34

881 Saemangeum 35°43" 49" 126°31' 46" 9.56 42.28
QA OIS FHOZ W s0km oIS A1 ZR BANE BESHE dlole] B4 AL 22
5717387 H] (automatic weather station, AWS) 2 53 U= St Z-R TAA-S dBH 0 2 8510
71/ =7H] (automated surface observing system, ASOS) ot 7k AP s "t o] 2et 32 Flo|t] 4=
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WAL = e 2FAA 5ol A
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Table 3. Evaluation of model efficiency criteria
] cc Tod
Station Name
M-P | CPM-MFB | CPM-GLM | NPM-MFB [ NPM-GLM | M-P | CPM-MFB | CPM-GLM | NPM-MFB | NPM-GLM
Moaksan 0.505 0.205 0.575 0.248 0.594 0.569 0.065 0.654 0.14 0.584
Seocheon 0.791 0.777 0.768 0.781 0.765 0.583 0.643 0.684 0.693 0.7
Nonsan 0.759 0.718 0.747 0.710 0.750 0.631 0.546 0.741 0.464 0.739
Cheongyang 0.775 0.744 0.765 0.736 0.769 0.59 0.717 0.71 0.627 0.758
Yanghwa 0.664 0.511 0.679 0.527 0.679 0.555 0.484 0.665 0.548 0.675
Chunjangdae | 0.725 0.701 0.707 0.698 0.709 0.542 0.687 0.648 0.662 0.689
Daecheonhang | 0.722 0.615 0.719 0.609 0.720 0.642 0.431 0.751 0.393 0.715
Jeongsan 0.612 0.333 0.654 0.330 0.650 0.516 0.387 0.609 0.379 0.692
Iksan 0.768 0.738 0.754 0.747 0.749 0.61 0.607 0.729 0.709 0.685
Seonyudo 0.760 0.751 0.739 0.741 0.746 0.552 0.748 0.668 0.646 0.735
Hamna 0.781 0.756 0.763 0.770 0.753 0.586 0.645 0.695 0.798 0.666
Wanju 0.738 0.708 0.722 0.699 0.727 0.544 0.69 0.642 0.608 0.655
Jinbong 0.785 0.721 0.774 0.720 0.775 0.635 0.491 0.739 0.483 0.742
Gimje 0.778 0.765 0.754 0.770 0.749 0.592 0.607 0.686 0.674 0.673
Julpo 0.757 0.731 0.743 0.728 0.744 0.635 0.534 0.73 0.503 0.712
Taein 0.780 0.686 0.764 0.681 0.766 0.59 0.43 0.669 0.394 0.684
Yeosan 0.624 0.330 0.656 0.371 0.659 0.531 0.233 0.635 0.346 0.618
Saemangeum | 0.784 0.752 0.760 0.747 0.764 0.646 0.46 0.741 0.411 0.754
5 MAE (unit: mm/hr) RMSE (unit: mm/hr)
Station Name
M-P | CPM-MFB | CPM-GLM | NPM-MFB [ NPM-GLM | M-P | CPM-MFB | CPM-GLM | NPM-MFB | NPM-GLM
Moaksan 2.49 9.485 1.881 5.683 1.923 4.577 62.881 3.983 32.858 4.069
Seocheon 2.41 3.696 1.652 3.284 1.626 4.262 10.354 3.542 8.668 3.459
Nonsan 1.93 3.332 1.405 4.006 1.409 3.204 10.441 2.575 13.704 2.607
Cheongyang 2.103 2.569 1.461 3.073 1.403 3.429 5.894 2.699 8.164 2.563
Yanghwa 2.423 3.544 1.709 3.15 1.686 3.89 9.956 3.129 8.148 3.063
Chunjangdae | 2.268 2.899 1.573 3.026 1.535 3.886 6.833 3.197 7.493 3.066
Daecheonhang | 1.547 2.948 1.218 3.187 1.22 2.755 11.782 2.276 13.429 2.377
Jeongsan 2.516 2.846 1.742 2.867 1.579 3.896 8.751 3.135 8.954 2.86
Iksan 2.108 3.553 1.531 2.832 1.562 3.435 8.955 2.716 6.251 2.832
Seonyudo 2.174 2.665 1.551 3.337 1.503 3.835 5.829 3.15 8.573 2.949
Hamna 2.453 3.678 1.691 2.556 1.699 4.053 9.189 3.266 5.011 3.297
Wanju 2.222 3.161 1.735 3.935 1.712 4.26 7.861 3.632 10.499 3.62
Jinbong 2.112 4.465 1.511 4.548 1.511 3.648 14.627 2.978 14.988 2.972
Gimje 2.269 3.858 1.649 3.331 1.662 4.064 11.249 3.403 8.923 3.425
Julpo 2.077 4.305 1.615 4.65 1.627 3.565 12.631 2971 14.024 3.047
Taein 2.456 4.714 1.893 5.142 1.88 4.667 22.101 4.066 25.057 4.016
Yeosan 2.438 4238 1.737 3.3 1.745 4.282 20.192 3.581 13.432 3.586
Saemangeum | 1.999 4.147 1.442 4.635 1.434 3.425 16.211 2.825 19.183 2.788
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Table 3. Evaluation of model efficiency criteria (Continue)

Bias (unit: mm/hr)
Station Name M.P CPM- | CPM- | NPM- | NPM-
MFB GLM MFB GLM
Moaksan 1.954 | -7.522 | 0.657 | -3.487 | 0.897
Seocheon 2363 | -1.652 | 1.007 | -1.172 | 0.788
Nonsan 1.773 | -1.693 | 0.422 | -2.459 | 0.626
Cheongyang | 2.019 | -0.264 | 0.761 | -0.9 0.657
Yanghwa 2312 | -1.053 | 0.97 -0.534 | 0.772
Chunjangdae | 2.19 -0.266 | 0911 | -0.44 0.684
Daecheonhang | 1.388 | -1.162 | 0.191 | -1.435 | 0.535
Jeongsan 2.417 0.818 1.261 0.783 | 0.71
Iksan 2.023 | -1.645 | 0.631 | -0.772 | 0.71
Seonyudo 2.108 | -0.367 | 0.833 | -1.194 | 0.619
Hamna 2418 | -1.452 | 1.045 | -0.027 | 0.818
Wanju 2.085 | -1.39 0.718 | -2.252 | 0.847
Jinbong 2.015 | -2.847 | 0.611 | -2.939 | 0.628
Gimje 2.185 | -1.735 | 0.826 | -1.134 | 0.748
Julpo 1.856 | -2.509 | 0.489 | -2.882 | 0.723
Taein 2277 | 2717 | 0946 | -3.195 | 0.928
Yeosan 2.29 -1.971 | 0.947 | -0.819 | 0.834
Saemangeum | 1.879 | -2.235 | 0.542 | -2.77 0.557
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