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Abstract

For the purposes of enhancing usability of Numerical Weather Prediction (NWP), the quantitative precipitation prediction
scheme by machine learning has been proposed. In this study, heavy rainfall was corrected for by utilizing rainfall predictors from
LENS and Radar from 2017 to 2018, as well as machine learning tools LightGBM and XGBoost. The results were analyzed using
Mean Absolute Error (MAE), Normalized Peak Error (NPE), and Peak Timing Error (PTE) for rainfall corrected through machine
learning. Machine learning results (i.e. using LightGBM and XGBoost) showed improvements in the overall correction of rainfall
and maximum rainfall compared to LENS. For example, the MAE of case 5 was found to be 24.252 using LENS, 11.564 using
LightGBM, and 11.693 using XGBoost, showing excellent error improvement in machine learning results. This rainfall
correction technique can provide hydrologically meaningful rainfall information such as predictions of flooding. Future research
on the interpretation of various hydrologic processes using machine learning is necessary.
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Fig. 1. The process for the rainfall correction technique

Table 1. Predictor variables used Machine Learning

Input variables Source
Atmospheric thickness 500hPa - 1000hPa [m] LENS
Wind speed at 200/500/850 hPa [m/s] LENS
Vertical Wind shear 200hPa - 850hPa [m/s] LENS
Temperature of dew point at 700 hPa [ C] LENS
K-Index (Instability Index) LENS
Precipitable water [mm] LENS
Relative humidity at 850 hPa [%] LENS
Wind speed at surface [m/s] LENS
Temperature at surface [ C] LENS
Sea Level pressure [hPa] LENS
Vertical Velocity at 700 hPa [hPa/hour] LENS
Precipitation [mm] RAR
Precipitation [mm] MAPLE
Precipitation [mm] LENS
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Machine Learmning Module
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Fig. 2. Schematic diagram of machine learning.

Table 2. Cases of heavy rainfall

CASE Area

Date Time Accumulated rainfall

(mm)
Nowon(407) 21:00 48.5
1 Seoul Hangang(418) 2017.07.10 20:00 315
Dobong(406) 08:00 24.5
Seodaemun(412) 10:00 41
2 Seoul Dobong(406) 2017.07.23 09:00 41
Seoul(108) 10:00 38
Gangnam(400) 04:00 26.5
3 Seoul Dongdaemun(408) 2018.05.17 04:00 26
Nowon(407) 04:00 22.5
Gangmun(524) 07:00 65.5
4 Gangneung Bukgangneung(104) 2018.08.06 08:00 54.6
Jumunjin(523) 03:00 475
Dobong(406) 00:00 76
5 Seoul Eunpyeong(416) 2018.08.29 20:00 51
Gangbuk(424) 20:00 345
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Table 3. MAE, NPE, PTE for QPE and corrected rainfall

MAE NPE PTE
CASE LENS  LightGBM  XGBoost LENS LightGBM  XGBoost LENS  LightGBM  XGBoost
1 10.853 8.519 8.614 4.202 3.629 4.003 -0.447 -0.280 -0.202
2 5.659 5.572 5.626 0.549 0.076 0.018 0.642 1.522 1.455
3 8.509 7.056 7.122 3.535 1.866 1.958 -0.404 -0.155 0.023
4 6.856 7.079 6.788 1.925 2228 1.905 0.677 1.096 0.846
5 24.252 11.564 11.693 41.868 27.462 23.855 0.291 0.395 0.316
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Fig. 3. The horizontal distributions of 3-hr accumulated rainfall of (a) RAR, (b) MAPLE, (c) LENS, (d) LightGBM and (e)
XGBoost at 2000 LST in July 10, 2017 (CASE 1).
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Fig. 4. The horizontal distributions of 3-hr accumulated rainfall of (a) RAR, (b) MAPLE, (c) LENS, (d) LightGBM and (e)
XGBoost at 1000 LST in July 23, 2017 (CASE 2).
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Fig. 5. The horizontal distributions of 3-hr accumulated rainfall of (a) RAR, (b) MAPLE, (c) LENS, (d) LightGBM and (e)
XGBoost at 0400 LST in May 17, 2018 (CASE 3).
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Fig. 6. The horizontal distributions of 3-hr accumulated rainfall of (a) RAR, (b) MAPLE, (c) LENS, (d) LightGBM and (e)
XGBoost at 0700 LST in August 6, 2018 (CASE 4).
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Fig. 7. The horizontal distributions of 3-hr accumulated rainfall of (a) RAR, (b) MAPLE, (c) LENS, (d) LightGBM and (e)

XGBoost at 2000 KST in August 29, 2018 (CASE 5).
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