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Abstract: Accurate multivariate load forecasting is essential for the effective regulation of integrated energy systems.
The existing load forecasting models fail to account for energy losses during system operation and the coupling character-
istics between multiple loads, resulting in insufficient prediction accuracy. To address this, a comprehensive energy
system short-term load forecasting model based on variational mode decomposition (VMD) — crisscross optimization al-
gorithm (CSO) - random forest (RF) is proposed. Firstly, the load data is preprocessed to compute the actual load
values considering system energy losses; Secondly, the maximum information coefficient (MIC) is used to analyze the
correlation between multiple loads and between multiple loads and weather factors, identifying strongly correlated varia-
bles. Then, these variables are fed into VMD to decompose the load data into stationary feature sequences. Afterwards,
the feature sequence is input into the RF prediction model optimized by the CSO algorithm. Finally, the performance of
the model is validated using multivariate load data from an industrial park in Changchun City, Jilin Province. The re-
sults show that the proposed model significantly improves the accuracy of multivariate load forecasting and reduces com-
putational time.
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Fig. 10 Forecast results of cooling loads
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Fig. 11 Forecast results of heating loads
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Fig. 12 Forecast results of power loads
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Fig. 13 Forecast results of gas loads
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Tab. 2  Evaluation metrics for predicting model results

W 2 (RMSE/kW)/( MAPE/%) WMA/ %

L2V N - - v N - — "

¥ i far i) FL 971 Wit EZ Wit
RF 113.08/109. 32 175.16/7.91 184.94/9. 88 20.05/6. 41 71.32
SVM 145.49/108. 14 234.59/10. 24 237.29/13.08 22.32/6.99 69. 69
RNN 141.75/123. 09 221.63/9.59 202.07/10. 47 21.63/6.72 67.93
GRU 122.23/105. 89 200. 19/9. 14 209.15/11.42 19. 83/6. 14 71. 19
LSTM 137.63/110.73 194. 67/8. 63 181.98/9. 45 19.97/6. 24 71.09
VMD-RF 77.78/102.23 119. 66/5. 48 102.35/5.12 11.92/3.74 75. 66
VMD-SVM 108. 82/114. 89 167.13/7. 55 168. 68/8. 84 15.85/4.87 71.01
VMD-RNN 95.35/70. 84 147.53/6. 46 161.26/8.92 15.31/4. 88 79.99
VMD-GRU 91.69/91. 29 139.94/6. 41 135.02/7.26 12. 66/3. 89 76.78
VMD-LSTM 88.52/117. 67 128.26/5.72 119. 63/6. 22 12.75/3.99 72. 04
EMD-CSO-RF 59.43/57.22 93.17/4.12 95.87/5.31 10.14/3.26 84.95
EEMD-CSO-RF 52.66/53.09 79. 81/3. 66 79.79/4. 25 8.11/2.54 86. 44
CEEMDAN-CSO-RF 44.24/33. 36 67.54/2.93 67.71/3.58 6.94/2.17 90. 87
VMD-CSO-RF 39.48/27.92 57.29/2.52 55.12/2.82 6.39/2.04 92.37
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Tab.3 Comparison of prediction durations of models

AR 24 IR )/ P/
RF 3229 22
SVM 3447 23
RNN 4035 25
GRU 3 862 24
LSTM 3057 21
VMD-RF 4 358 26
VMD-SVM 4 643 27
VMD-RNN 4 869 29
VMD-GRU 5274 32
VMD-LSTM 4953 30
EMD-CSO-RF 2 846 19
EEMD-CSO-RF 2 882 19
CEEMDAN-CSO-RF 2738 18
VMD-CSO-RF 2 645 16
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