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Application of Artificial Neural Network to Improve Quantitative Precipitation

Forecasts of Meso-scale Numerical Weather Prediction

L 2 Al o & 7
Kang, Boosik, / Lee, Bongki

Abstract

For the purpose of enhancing usability of NWP (Numerical Weather Prediction), the quantitative
precipitation prediction scheme was suggested. In this research, precipitation by leading time was predicted
using 3-hour rainfall accumulation by meso-scale numerical weather model and AWS (Automatic Weather
Station), precipitation water and relative humidity observed by atmospheric sounding station, probability
of rainfall occurrence by leading time in June and July, 2001 and August, 2002. Considering the nonlinear
process of ranfall producing mechanism, the ANN (Artificial Neural Network) that is useful in nonlinear
fitting between rainfall and the other atmospheric variables. The feedforward multi—layer perceptron was
used for neural network structure, and the nonlinear bipolaractivation function was used for neural
network training for converting negative rainfall into no rain value. The ANN simulated rainfall was
validated by leading time using Nash-Sutcliffe Coefficient of Efficiency (COE) and Coefficient of Correlation
(CORR). As a result, the 3 hour rainfall accumulation basis shows that the COE of the areal mean of the
Korean peninsula was improved from -0.04 to 0.31 for the 12 hr leading time, -0.04 to 0.38 for the 24 hr
leading time, —0.03 to 0.33 for the 36 hr leading time, and -0.05 to 0.27 for the 48 hr leading time.

Keywords  quantitative precipitation prediction, meso-scale numerical weather prediction, artificial
neural network, COE, CORR
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Table 1. Predictor Variables Used in ANN Model
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Input Variables

Source

e Geopotential height 500,/750/1000 hPa [m]

e Atmospheric thickness 500 hPa -1000 hPa [m]
e X, Y-component of wind at 500 hPa [m/s]

e X, Y-component of wind at 750 hPa [m/s]

e Wind speed at surface [m/s]

e Temperature at 500/750 [hPal/ surface [°K]
e Mean sea level pressure [hPal

e 3-hr accumulated precipitation [mm/(3hr)]

e Precipitation accumulated in 6 [mm/(6hr)] & 12 [mm/(12hr)] hs previous to RDAPS run
e Relative humidity measured 0 & 12 hs before RDAPS run
e Precipitable water measured 0 & 12 hs before RDAPS run [mm]

e Precipitable water difference in 12 hs previous to RDAPS run [mm]

RDAPS
RDAPS
RDAPS
RDAPS
RDAPS
RDAPS
RDAPS
RDAPS
AWS
Upper—air sounding
Upper-air sounding

Upper-air sounding

100

e Probability of Precipitation PoP ANN
Output Variable Source
e Quantitative Precipitation Forecasts [mm/(3hr)] QPF ANN
BEKERS2EHUE



Table 2. PoP Evaluation for RDAPS and ANN Model

Hit rate KSS CSI POD
RDAPS ANN RDAPS ANN RDAPS ANN RDAPS ANN
Seoul-Gyeonggi 0.72 0.77 0.28 0.52 0.30 0.55 0.31 0.71
Gangwon 0.63 0.73 0.17 0.44 0.21 0.52 0.22 0.69
Gyeongsang 0.63 0.67 0.19 0.34 0.22 0.47 0.24 0.64
Jeolla 0.73 0.76 0.22 0.38 0.24 0.45 0.26 0.62
Chungcheong 0.69 0.70 0.25 0.46 0.27 0.48 0.30 0.64

Precipitation)& ¢ll5stlom, oS4 gwe] 25 Hrtat
7] 913k A58 (Hit rate; H), Kuipers Skill Score (KSS),
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Table 3. Simulation Performance by the Forecast Lead Time and Accumulation Time
(a) 12hr Lead Time

Accumulation time 3 hr 6 hr 9hr 12 hr 24 hr 48 hr
RDAPS COE -0.04 -0.06 -0.07 -0.09 -0.14 -0.28
ANN COE 0.31 0.39 0.46 0.46 0.52 0.50
RDAPS CORR 0.41 0.47 0.53 0.54 0.61 0.64
ANN CORR 0.59 0.66 0.73 0.73 0.79 0.82

(b) 24 hr Lead Time
Accumulation time 3 hr 6 hr 9hr 12 hr 24 hr 48 hr
RDAPS COE -0.04 -0.05 -0.06 -0.08 -0.14 -0.23
ANN COE 0.38 0.43 0.48 0.48 0.55 0.57
RDAPS CORR 0.40 0.45 0.49 0.49 0.61 0.72
ANN CORR 0.64 0.68 0.74 0.74 0.81 0.86

(c) 36 hr Lead Time
Accumulation time 3 hr 6 hr 9 hr 12 hr 24 hr 48 hr
RDAPS COE -0.03 -0.04 -0.05 -0.07 -0.12 -0.22
ANN COE 0.33 0.38 0.49 0.49 0.52 0.54
RDAPS CORR 0.40 0.46 0.52 0.51 0.60 0.69
ANN CORR 0.60 0.64 0.74 0.74 0.79 0.85

(d) 48 hr Lead Time
Accumulation time 3 hr 6 hr 9hr 12 hr 24 hr 48 hr
RDAPS COE -0.05 -0.06 -0.08 -0.09 -0.15 -0.30
ANN COE 0.27 0.32 0.33 0.36 0.38 0.35
RDAPS CORR 0.37 0.42 0.48 0.47 0.59 0.61
ANN CORR 0.54 0.61 0.64 0.69 0.77 0.79
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Fig. 3. Forecast with Different Lead Time in Seoul/Gyeonggi Region
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Fig. 5. Forecast with Different Lead Time in Chungcheong Region
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Fig. 6. Forecast with Different Lead Time in Jeolla Region
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Table 4. Comparison of ANN Prediction with RDAPS by Region for Different Lead Time

_ RDAPS
Area Lead Time Totgl Obs. Total Rato for
g Rainfall Rainfall Obs. (%) NS CORR
12 1534 757 4.93 ~0.01 0.69
Seoul/ 24 1534 6.06 3% 0.02 0.62
Gyeonggi 36 1534 9.96 6.49 001 0.66
43 1534 3.00 19 ~0.05 0.52
12 1209 484 4,00 0.05 0.50
24 1209 393 325 0.6 051
Gangwon 36 1209 11.31 9.36 0.5 0.42
43 1209 393 3.25 0.08 0.36
12 59.4 425 7.16 ~0.06 0.24
Chungeheon 24 59.3 5.89 9.94 ~0.06 0.19
36 59.2 712 12.03 0.5 0.24
3 59.2 5.19 877 ~0.06 0.27
12 1342 6.06 451 ~0.06 0.33
Jeola 24 1278 6.99 5.47 ~0.04 0.35
36 1246 855 6.36 0.5 0.28
3 1245 884 7.10 20.03 0.43
12 1071 6.29 5.88 0.03 0.35
Grcongean 24 106.1 6.22 5.86 ~0.04 0.32
36 105.6 715 6.77 ~0.02 0.39
43 1056 5.12 485 ~0.04 0.27
ANN
Area Lead Time Totgl Obs. Total Rate for Rate for Rate for
(hr) Rainfall Rainfall obs. %) | N> | rpaps |[“OFR| rpaps
12 1534 744 4350 | 039 | w040 | 069 | 000
Seoul/ 24 1534 494 3221 | 032 | w034 | 059 | 2003
Gyeonggi 36 1534 1125 7336 | 040 | W04l | 066 | 0.00
3 1534 2.2 1448 | 014 | w019 | 045 | 2 007
12 1209 769 6363 | 036 | w031 | 060 | w010
Gangron 24 1209 646 5345 | 038 | w044 | 063 | w012
36 1209 830 6367 | 018 | w023 | 050 | w008
3 1209 234 1936 | 003 | w016 | 037 | w00l
12 59.4 39.1 6584 | 051 | WO057 | 076 | w052
Chungcheon 24 59.3 363 6127 | 059 | w065 | 083 | Wwo6d
36 59.2 445 7518 | 061 | W 066 | 080 | w056
43 59.2 5.7 4342 | 070 | w076 | 085 | w058
12 1342 64.7 4320 | 010 | w016 | 033 | w005
Jeola 24 12738 35 %21 | 029 Wwo033 | 057 | w022
36 1246 443 3556 | 017 | w022 | 046 | w018
3 1245 62.7 5035 | 021 | w024 | 049 | w006
12 107.1 730 6319 | 029 | w032 | 057 | w022
S 24 106.1 372 3505 | 030 | w034 | 058 | w026
36 105.6 633 5092 | 030 | %032 | 059 | w020
3 105.6 230 2077 | 022 | w026 | 056 | w029
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Fig. 7. Forecast with Different Lead Time in Gyeongsang Region
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