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Abstract

Rainfall prediction is of great significance for agricultural production, water resource management,
and meteorological disaster prevention. This article mainly focuses on the comprehensive coverage
of geographical units, representativeness of climate types, and observation needs. Eight meteoro-
logical stations in Hebei Province (Baoding, Leting, Qinglong, Xingtai, Shijiazhuang, Weixian, Weichang,
and Zhangjiakou) were selected, with daily data from January 1, 1974 to December 31, 2023. After
preprocessing, a VMD-HMM BiLSTM model was established and compared with BiLSTM and VMD
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BiLSTM models. The experimental results show that: 1) The introduction of the variational mode
decomposition (VMD) method effectively reduces the non-stationary nature of rainfall data and re-
duces the pressure of the model in extracting time series features. Compared with the single model
BiLSTM model, the maximum effective lifting rate of R is 21%; 2) The VMD-HMM BiLSTM model has
lower errors, with an overall average R? of 0.825, indicating that the fusion of HMM and BiLSTM
models can effectively improve the accuracy of rainfall prediction, reflecting the advantages of the
combined model in precipitation prediction.
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Table 1. Description of structural equation model variables
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Figure 1. Comparison of original, logarithmic transformed and smoothed precipitation at 8 stations
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Table 2. The correlation between meteorological indicators and precipitation
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Figure 2. Model of influencing factors of purchase intention
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Figure 3. Model of influencing factors of purchase intention
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Figure 4. VMD decomposition diagrams of 8 meteorological stations
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Figure 6. Model framework for VMD-HMM-BiLSTM
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Figure 7. Comparison of precipitation prediction results of three models for 8 stations
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HMM-BIiLSTM = F# R T 2 4EE X Lh o dir . Hodr, BILSTM A BUAE A EEALE P ALY, VMD-BILSTM
RT3 i AR 3 S 43 AR (VMD) 34 5 £ H R AEHE L BE 77, VMD-HMM-BIiLSTM #E8iE—35 5] A\ a5y /R AT %
BT (HMM) 21 1 B AACHR 2 (1 B A P 5 B LA

8 /Nl a5 3 RS RL () TN 45 ST LE BN ] 7 BT

B30 &k SR ZE TR AR AR M B T 0 T, e 3 s

Table 3. The performance evaluation index values of the three models in 8 sites

= 3.3 MMRBVTE 8 Nl S R REITN HEAR1E

3 A R B iR 2 S48 Lt “axt RHL
BiLSTM 24.58 17.33 0.60
FKEH VMD-BIiLSTM 18.37 13.78 0.78
VMD-HMM-BiLSTM 17.68 13.16 0.79
BIiLSTM 28.36 18.75 0.59
il VMD-BIiLSTM 22.14 14.71 0.75
VMD-HMM-BILSTM 19.43 13.33 0.81
BiLSTM 23.90 18.55 0.63
B VMD-BIiLSTM 18.87 15.17 0.77
VMD-HMM-BiLSTM 17.18 12.58 0.81
BIiLSTM 3431 23.90 0.57
VEE i T VMD-BIiLSTM 24.76 17.69 0.78
VMD-HMM-BILSTM 22.26 16.98 0.82
BiLSTM 38.88 25.89 0.51
g VMD-BIiLSTM 30.04 22.75 0.71
VMD-HMM-BiLSTM 25.55 18.50 0.79
BIiLSTM 38.48 25.18 0.66
HW VMD-BIiLSTM 24.61 16.83 0.86
VMD-HMM-BIiLSTM 21.41 16.26 0.89
BiLSTM 37.60 25.56 0.63
IR VMD-BIiLSTM 2421 17.45 0.84
VMD-HMM-BILSTM 2238 15.95 0.87
BIiLSTM 35.38 2429 0.62
TR5E VMD-BIiLSTM 28.25 19.25 0.76
VMD-HMM-BiLSTM 24.58 17.99 0.82

WRHER 3, AR\ Aol S SRR 45 5, VMD-HMM-BILSTM #4 A17E 15 77 #i 1% % (RMSE)
I LET 1R 22 (MAE) R 485 R AR = s Fe bn 35— B0 F 22 ah 1 BILSTM B84 J ol it &Y VMD-
BiLSTM #2Y . BARRIN: fEREANuG A, B8 1) RMSE M MAE ¥ ABAKME, 11 R2Z & EE. #l
i, fEMRG N, B RMSE 4 25.55, % BILSTM B2 1) 38.88 B [#(%, H M R2H 0.59, BIEMI
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B 0.51 A RIEESRET: 7275 B i, %l s 1 R2 A 2R, N 0.89, RAE T VMD-HMM-BIiLSTM
TS LE FHUMAS BE AT A PR FE b R A 1 R

VMD-HMM-BIiLSTM 15 %4 & 3t (1) P4 R A0 343 B A I 35 1 0l 1o AR v o SRS A BILSTM 1)
RMSE G M 24.58 F1| 38.88, 1455 84 35 i A o b S I PN 158 22 35 1) s Rl AR, G A T 5 3 7Y RMSE
R PEMEIR S 34.3%, JEHAFRAEMIUEE RERT, RPN 0.57 18715 0.82. HHEHEZ, TEHTH S
F, VMD-HMM-BIiLSTM &84 T VMD-BILSTM #&4L, U1 3754 (¥) RMSE M 22.14 F#AKE] 19.53, 77
HLUli MAE M 15.17 BEAKE] 12.58, X5 JJHBIGE T 2 /3 825 70 i VMD. Fa /R T KA HMM FIXL
KA T M 4% BILSTM Sl (A 2R V2 H M@, 3R WZABE 20 A0 A 20508 M AS (R PA B FrRO et
FPHHR A o

4.3.2. EEGZUEEHWR

BB ANRTRR - ¥ 4% 1 40 HL iR 25 (SMAPE, Symmetric Mean Absolute Percentage Error) 3 i 74 (1)
TR RUR, RFRE 400 B 73 iR 22 (SMAPE) & — i F T+ & F0IE 5 F S 2 8] E 43 bR 22 P39 ME )
fobr. ZIBARE R T PUINAE AN FL S RS, I8 ZE (AR AT A — A Rl R 22 e S R w22 . 190
B G s O M 3 55, 23 2 VR SEIR IO AT (32 A BE 77, RSP R Ik 4 fR

Table 4. The performance evaluation index values of the three models in Zhengzhou site

T 4.3 MR BUZERRM vt 2 A1 REITAN FEAR1E

E ey BRI ZE EHAgSREE O WRCPIAR A RE 40 R
BIiLSTM 47.83 33.76 60.23% 0.39
1 VMD-BILSTM 17.91 14.20 42.71% 0.91
VMD-HMM-BILSTM 16.15 12.58 34.82% 0.93
BiLSTM 47.36 33.38 62.97% 0.4
2 VMD-BILSTM 18.89 14.77 40.93% 0.91
VMD-HMM-BILSTM 17.49 12.73 31.61% 0.92
BiLSTM 47.54 33.49 59.74% 0.40
3 VMD-BILSTM 19.01 14.85 44.02% 0.90
VMD-HMM-BILSTM 15.74 12.09 34.01% 0.93
BIiLSTM 48.06 34.17 60.95% 0.39
4 VMD-BILSTM 18.44 14.53 47.79% 0.91
VMD-HMM-BILSTM 17.70 13.39 35.74% 0.92
BiLSTM 48.54 34.45 62.32% 0.37
5 VMD-BILSTM 20.39 15.87 46.31% 0.89
VMD-HMM-BILSTM 16.83 12.73 36.57% 0.92
BIiLSTM 47.87 33.85 61.24% 0.39
> %ﬁj VMD-BILSTM 18.93 14.84 44.35% 0.90
VMD-HMM-BILSTM 16.78 12.70 34.55% 0.92

WRAEL 4, N TR ZRET KZALRE 17, AR RPN G S B- 4T 1 5 RT3 4, FEXE 5 kg R ECT 1)
. GRER, BB NAE SN VMD-HMM-BiLSTM > VMD-BIiLSTM > BiLSTM.
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5. &t

ARSCAA AL A TG mU K P R R H R AT 700, % 83 PRCP (MK &) B £ K 5 Al DEWP (“1-1)
# ). TEMPDIF (i %), WDSP (P X)) e R F R BIsem, 4 HAE i N A k4T J5 2L /K &
T . ASCESERAT VMD iR J5 06 b i s 500 2 i 2 T4, A SBRIR T Bl AR AR,
B HMM B E eS80 ¥ IMF 7R IR e S R Z= AT H— 40 /E v BILSTM #5284 (1%
N, #3 T VMD-HMM-BIiLSTM A /K& A, 5 BiLSTM. VMD-BILSTM BERYHE T XL, 5K
B gk R

1) VMD J73E 1 51 N SRR T B I S0 00 PAR I, A% T B TE SR P AR e R ), 55—
B BILSTM HEAUAH L, R B KA R T 2R IE 21%;

2) VMD-HMM-BiLSTM #& ! 5§ VMD-BIiLSTM # %!, BiLSTM BLZUAHLL, HABEARKRZE, Rk
SFHMEEE) 0.825, Ui HMM 5 BiLSTM 52 (¥l &t 8 A5 AR TH P4 RY S T (RGBT 4 A 455 2
—EIIRE, HEMSENE, HEEE -z iag s, nINHFHAMmMmX,
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