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Abstract

Accurate hourly temperature forecasting holds significant importance for agricultural produc-
tion, energy dispatch, and disaster early warning. Sichuan Province features complex and diverse
topography, with substantial regional variations in climatic characteristics, posing challenges to
the forecast accuracy of traditional numerical prediction methods in this region. This study de-
velops a lightweight Convolutional Long Short-Term Memory (LightConvLSTM) model based on
ERAS reanalysis data for hourly 2-meter temperature forecasting in Sichuan Province. The model
inputs comprise historical 24-hour data of temperature, zonal wind, meridional wind, and spe-
cific humidity, with outputs being 1-hour-ahead temperature forecasts. The model was trained
using data from 2000 to 2023 and independently validated against data from the entire year of
2024. The results demonstrate that the model achieves a Mean Absolute Error (MAE) of 0.608°C,
a Root Mean Square Error (RMSE) of 0.892°C, and a correlation coefficient (R) of 0.997 on the test
set. The model exhibits optimal performance during summer (June-August), with monthly MAE
ranging from 0.16°C to 0.27°C, whereas relatively inferior performance is observed in winter (De-
cember-February), with monthly MAE ranging from 0.47°C to 0.51°C. Spatial analysis reveals that
the model attains higher forecast accuracy in the eastern and southern regions of the Sichuan
Basin, while slightly larger errors are found in the western plateau region. These results indicate
that the LightConvLSTM model possesses robust forecasting capability for hourly temperature
under the complex terrain of Sichuan Province, offering a technical reference for refined temper-
ature prediction.
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Figure 1. LightConvLSTM model architecture diagram
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Table 1. Overall forecast error metrics on the 2024 independent validation set
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R il
MAE 0.608°C
RMSE 0.892°C
R 0.997°C
R? 0.994°C
Bias 0.121°C

DOI: 10.12677/0jns.2026.145060 567

AR


https://doi.org/10.12677/ojns.2026.145060

B 5

WERIAE 2024 ERSINRE EBAATRMERE IR | Fion. BRTH, iZHRLEE Tk R R i
MAE N 0.608°C, “FIJiRZE#] 0.6°C; RMSE N 0.892°C, iRESpAmBgksEd, (WEEDENRE: RN
0.997, R?>N 0.994, AL SN ME 26 AH AR B8R, FTARRE 99.4% < IRAS 5 ; Bias N 0.121°C,
FHERMAGNE B W2, {HIESLERN A #5% .

3.2. RBIXFELIEIE

Rt — B IGAE LightConvLSTM B I FidR 5175, A5 5] N Persistence TR Al LightGBM 2 {E
FEHE, 7E3h. 6hy 12hy 24 h PUATIIRD K N BT ik 3G o

Comprehensive Metrics Comparison by Forecast Lead Time

(a) Mean Absolute Error

(b) Root Mean Square Error

MAE (° ©)

Lead Time (hours)

(c) Coefficient of Determination

RUSE (° ©)

12
Lead Time (hours)

(d) Pearson Correlation

°
o

Correlation

°
IS

0.2

0.0
3 6 12 2 3
Lead Time (hours)

Lead Time (hours)

Mode| Comparison Across Forecast Lead Times

(e) Mean Absolute Error (f) Root Mean Square Error

12 @ @ 1 @ @
10 12
S8 S0
w 2
= B— = i £,
8 i — —
4 — ¢
6 A4 ¢
o v
/ﬁ — . ‘/’—/f R
2 i == LightaBM
@~ ConvLSTH (Proposed)

3 6 3 6 24

12 12
Forecast Lead Time (hours) Forecast Lead Time (hours)

Figure 2. (1) Comprehensive Metrics Comparison by Forecast Lead Time: (a) MAE; (b) RMSE; (c) R?; (d) Pearson correlation
coefficient. (2) Variation trends of MAE and RMSE for different models at various forecast lead times: (¢) MAE; (f) RMSE
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Figure 3. The time series of regional average forecast temperature and observed temperature in each month of 2024; the black solid
line is the ERAS live curve, and the red dotted line is the forecast curve
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Figure 4. The spatial distribution characteristics of the test set in 2024; (a) is the spatial distribution of MAE; (b) is the spatial
distribution of RMSE; (c) is the spatial distribution of mean deviation; (d) is the distribution of error histogram
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0.4C~0.6°C, TAEPE = X R ZE0E K, MAE /T 0.8°C~1.2°C, FZ52 10 5 % FEANKHE ot B 55 5200

(4) BRVRE S ZALBESIRE, AR AR BRI BE A ¢ TSR AR /NN SR S

EEWHE
S B LRE R R EALE AL I xR T H (X202510621135).
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