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Application and Evaluation of Temperature Forecast

Based on Deep Learning Method
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Abstract: By using ECMWEF-IFS model data and observation data, this study established a fully connected
neural network model (DL), tried to make more accurate temperature forecast based on deep learning
method for the future 84 hours. The comparative evaluation of ECMWF-IFS and DL was made in 2020.
The results show that DL correction can improve the ECMWF-IFS forecasts. The root mean square error
(RMSE) of DL in most areas of Hunan is 1. 5—2. 0 C. There is a significant correction effect for ECMWEF-
IFS, and the improvement rate increases with the altitude of stations. The diurnal variation is also obvious
for the RMSE of ECMWF-IFS/DL model. The RMSE is higher in the afternoon (with higher improvement
rate), but lower before sunrise. The improvement rate has different diurnal variation characteristics at dif-
ferent altitudes. DL model shows higher accuracy in the whole year, of which the higher improvement rate
appears in October and November (lower in December). In addition, the forecast results in a cold wave

process was evaluated. In the accuracy for daily maximum/minimum temperature and the RMSE for
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3 h temperature, DL model shows obvious correction ability for the systematic deviation from ECMWF-

IFS. The DL temperature curve for single station is much closer to observation than the ECMWF-IFS fore-

cast. Thus, the model can significantly reduce numerical weather prediction error, and its products could

basically meet the demands of daily forecast service.

Key words: temperature forecast, deep learning(DL), application and evaluation
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Table 1 The number of samples corresponding to temperature forecast model
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Fig. 3 Spatial distributions of temperature (a, b) mean RMSEs (colored dots) for ECMWEF-IFS, DL and
(¢) its improvement rate (colored dots) in 2020 for different regional stations in Hunan Province
(a) ECMWEF-IFS forecast, (b) DL forecast
(Grey area is elevatin of topography. the same below)
x2 2020 £EHEMRAREREEERNHFRIREZLER
Table 2  Statistics of RMSE improvement for stations at different elevations in Hunan Province in 2020
4K 36 Hl /m RMSE 3 %/ % i 5B A S e/ %
<2400 13.5 347 82.4
(400,800] 19.4 51 12.1
(800,1200] 27.4 13 3.1
>1200 50.0 10 2.4
3 20200 £ HFHEAREENEMNZEIhWSEFRBRSZRPHARITE(RAGZ:C)
Table 3 RMSE:s in different starting time of 3 h temperature forecasts
and observation in Hunan Province in 2020 (unit: 'C)

St /UTC ECMWE-IFS(00 i #2 ) DL £ (00 247 ECMWF-TFS(12 i ) DL £ 7 (12 247
00 1.78 1.56 1.82 1.54
03 2.24 1. 86 2.29 1.93
06 2.82 2.30 2.75 2.23
09 2.64 1.99 2.69 2.17
12 2.07 1.71 2.00 1. 66
15 1. 89 1.57 1. 84 1.56
18 1. 84 1.55 1. 84 1.56
21 1. 81 1.53 1.78 1. 38
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Fig.4 RMSEs of temperature forecasts by ECMWEF-IFS and DL model initiated at
(a) 0000 UTC, and (b) 1200 UTC in 2020 in Hunan Province
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Fig. 6 RMSE improvement rate (colored dot) for stations at different altitudes in 2020 in Hunan Province
(a) temperature forecast time: 0600 UTC, (b) temperature forecast time: 0900 UTC
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Fig. 8 Spatial distributions of errors (colored dot) for daily (a, b) maximum and

(¢, d) minimum temperatures in Hunan Province in 2020
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