KFIZKEBEA(FEL) $565 2025 FLIH

M5, AR, BHU, % BTSSR FER RELM db R K GBI [ J]. ARFDKHEEAR (h3e30) ,
2025, 56(9): 118-130. DOI: 10. 13928/]. cnki. wrahe. 2025. 09. 009

TIAN Yu, CUI Dongwen, MAO Zhongbo, et al. Groundwater level prediction based on data decomposition and ten “plant” algorithm opti-
mization using RELM [ J ] . Water Resources and Hydropower Engineering, 2025, 56 (9): 118-130. DOI. 10.13928/j. cnki. wrahe.
2025.09. 009

ETFHEIBS+# “EY” EERE
RELM #t T 7K {3z 5 il

(l. =H & AR ABEMEHAERAE, =8 B 650021; 2. =84 XN AEF, =% X1l 663000)

i OE. [ B0)] RS TR 65 TR A A TAFRFI T R TR ST L FF] A
WTFRFTREAELENL, AR GHT AR B 55 TR E, ARk 38 55 R 406 0 8] 5 3)) FRm) AL A
FHEABEKR, ALEBRESFRA [HF] AT IEGSB(WPT), NMERERA(IWO) Fix/ ik
Fok(FPA) /B RAKFE(TGA) /& B 3RMKAL(SFO) S ik/ B AL F i (CPA) /i A 3448 (DO)
/AR E(IVYA) /F & ERA(AO) Fik/ 3 8 A KK (MGO) Hik/ZE L2 m R %k (LEA)
E+A MY HiEA RN MRS T H(RELM) , 23 K T WPT 542265 IWO/FPA/TGA/SFO/
CPA/DO/IVYA/AO/MGO/LEA-RELM FRmAZ A | St =& @, @A, B, W, FHE,
A E 6 ANHTF KALRS ] B3] TR ) af AL A AT IRE . B 2R, AR 1 & WPT ¥ 5240 3 T R AL A
18] 53 o B A AL RORFe ik B R, IR T AR A0k 3R )| 4 M E RELM A A HARAL 4] B AR F 4
Hok, AR KA ik EA B ARRBEATRMATNHN, KAESEERKELAN, RE, AA
RAAR R F A E IWO/FPA/TGA/SFO/CPA/DO/IVYA/AO/MGO/LEA-RELM A % 52 45 ¥, F 7K A B 4]
o AR Fek R ATTAMFe T, [LR] 2R BT IVYA, CPA, FPA FHE 44K T IWO,
AO. SFO, DO, &4k F LEA, MGO, TGA; IVYA-RELM, CPA-RELM. FPA-RELM #%&# Fim| ¢ - 3%
Y35 iR £ (MAPE) 42 0. 003 0% ~0. 000 4% % 6] | F 343332 2 (MAE) £ 0. 038 9~0. 006 3 m <
M, #ZAB(DC)A 0.997 7~0.999 8 X 18, FRM 4K AL T AT b AEA | B A 5245 09 FAM 2R
[46) &REM. +4F “HM” ko) FHEREEL LS AR QDA TANATEH % A
HEGE—8, BRE, HxFhehmiz, ASRAGMs, TR EMS, HiEMLF, WPT
PR EY | HEAAEWE, £ —FRANBAH BT %,

%%ﬁ;%?ﬁﬁﬁm;¢%@%%;+ﬁ“ﬁ%”ﬁ%;£mmﬁ&?2m;iwm

e

ARS8 BAKMKA, BaBE i

DOI; 10. 13928/j. cnki. wrahe. 2025. 09. 009 FFRRLE ( FIRER S ) #rE8G (OSID) : ; i%ng
hESHKS, S273.4; TPIS3; P64L7 XERERERD: A CEHS. 1000- 0860(2025)09- 0118- 13 i

Wi BH: 2024-12-06; fEEIEHEA: 2025-02-07; RABH: 2025-02-12; MEHRAR: 2025-03-20

BE&WH: EREAH AT HE (2021YFC300205-06)

EEEN: W F(1988—), B, @ TR, %4, FEMAFKFKE TAEEHSETIE, E-mail. 189566990@ qq. com

BEMEE: ERL1978—), 5, @R TREIN, 54, 3% G0k 0 08 B A4 B8 68 55 10 76 /K SCOK W8 U8 2 45 b i) 17 B 98 5 T A
E-mail; cdwgr@ 163. com

©FKditorial Department of Water Resources and Hydropower Engineering. This is an open access article under the CC BY-NC-ND license.

118 Water Resources and Hydropower Engineering Vol. 56 No. 9



IR ()

Groundwater level prediction based on data decomposition and ten “plant”
algorithm optimization using RELM
TIAN Yu', CUI Dongwen®, MAO Zhongbo', LI Rui'

(1. Yunnan Water Resources and Hydropower Survey and Design Institute Co., Ltd., Kunming 650021, Yunnan, China;
663000, Yunnan, China)

2. Yunnan Province Wenshan Water Bureau, Wenshan

Abstract; [ Objective ] Improving the accuracy of groundwater level time series prediction is of great significance for scientifically
predicting the change trends of groundwater levels and ensuring the rational development and utilization of groundwater resources.
The aim is to improve the accuracy of groundwater level time series prediction and address the issues of large computational scale
and high complexity in data decomposition-based combination time series prediction models. [ Methods ] A WPT-decomposed
IWO/FPA/TGA/SFO/CPA/DO/IVYA/AO/MGO/LEA-RELM prediction model was proposed, combining Regularized Extreme
Learning Machine ( RELM ) with ten “ including Wavelet Packet Decomposition ( WPT)
Invasive Weed Optimization ( IWO ), Flower Pollination Algorithm ( FPA ), Tree Growth Algorithm ( TGA),
Optimization (SFO) , Carnivorous Plant Algorithm (CPA) , Dandelion Optimization (DO) , Ivy Algorithm (IVYA) , Artemisinin
Optimization (AO), Moss Growth Optimization (MGO), and Lotus Effect Optimization Algorithm ( LEA). This model was

validated using groundwater level time series prediction examples from six locations in Yunnan Province,

plant” optimization algorithms,

Sunflower

including Xicheng,

Nanzhuang, Lin’an, Wenlan, Zhelinzhai, and Botanical Garden. First, the example’ s groundwater level time series were

decomposed into trend and fluctuation components using one-level WPT. Based on these components, a RELM hyperparameter

optimization objective function for the example was established. Then, the ten “plant” algorithms were used to optimize the
objective function to determine the best hyperparameters. Finally, the optimal hyperparameters were used to establish IWO/FPA/
TGA/SFO/CPA/DO/IVYA/AO/MGO/LEA-RELM models to predict and reconstruct the trend and fluctuation components of the
example’ s groundwater level time series. [ Results | The result showed that IVYA, CPA, and FPA outperformed IWO, AO,
SFO, DO in optimization performance, and significantly outperformed LEA, MGO, and TGA. The IVYA-RELM, CPA-RELM,
and FPA-RELM models achieved a MEAn absolute percentage error ( MAPE) of 0. 003 0% to 0. 000 4% , a MEA absolute error
(MAE) of 0.0389 m to 0.006 3 m, and a coefficient of determination (DC) of 0.997 7 to 0.999 8, which outperformed other
comparison models and demonstrated excellent prediction performance. [ Conclusion | The result indicate that the optimization

performance of the ten “plant” algorithms is highly consistent with the fitting and prediction accuracy rankings of the ten
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combined models.

Overall, the stronger the optimization ability of the algorithms, the higher the fitting and prediction accuracy,

and the better the performance of the combined models. The WPT decomposition, with fewer components and strong regularity, is

a simple and efficient decomposition method.
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groundwater level prediction; wavelet packet decomposition;

ten “plant” algorithms; regularized extreme learning

machine; example objective function; hyperparameter optimization; influencing factors
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Table 2 Optimization results of objective function for ten “plant” algorithms

B "ok FG H &) W & "ok FMER | A B K "ok I H %
WO 0. 004 8 4 WO 0.010 3 4 WO 0.007 8 4
FPA 0.003 3 3 FPA 0.005 3 3 FPA 0.004 7 3
TGA 0.013 8 10 TGA 0.024 3 10 TGA 0.019 7 10
SFO 0.006 1 5 SFO 0.012 8 6 SFO 0.009 5 7
CPA 0.002 6 2 CPA 0.003 8 2 CPA 0.003 8 2
XY_F, XY_F, NZ_F,
DO 0. 006 7 6 DO 0.013 0 7 DO 0. 008 9 6
IVYA 0.002 3 1 IVYA 0.003 1 1 IVYA 0.003 5 1
AO 0. 006 8 7 AO 0.012 0 5 AO 0.008 5 5
MGO 0.010 5 9 MGO 0.018 9 9 MGO 0.014 1 9
LEA 0. 008 9 8 LEA 0.016 6 8 LEA 0.011 6 8
WO 0.014 8 4 WO 0.010 1 7 HTS 0.018 5 5
FPA 0.014 5 3 FPA 0.003 6 3 CFA 0.005 5 3
TGA 0.032 3 10 TGA 0. 020 0 10 MDWA 0.0359 10
SFO 0.015 9 6 SFO 0. 009 0 5 TEO 0.019 6 6
CPA 0.005 8 2 CPA 0.003 2 2 CryStAl 0. 004 4 2
NZ_F, LA_F, LA_F,
DO 0.016 9 7 DO 0.010 0 6 FLA 0.020 8 7
IVYA 0.004 5 1 IVYA 0.002 5 1 EVO 0.003 8 1
AO 0.015 6 5 AO 0.005 5 4 ROA 0.017 8 4
MGO 0.026 7 9 MGO 0.016 8 9 PSA 0.030 7 9
LEA 0.021 2 8 LEA 0.0152 8 AROA 0.023 3 8
WO 0.010 6 5 WO 0.016 1 5 WO 0.007 8 4
FPA 0.004 7 3 FPA 0.004 8 3 FPA 0. 006 6 3
TGA 0.0327 10 TGA 0.041 4 10 TGA 0.017 7 10
SFO 0.0117 6 SFO 0.016 1 6 SFO 0.010 3 6
CPA 0.003 9 2 CPA 0.003 4 2 CPA 0. 003 4 2
WI_F, WI_F, ZL7_F,
DO 0.012 8 7 DO 0.018 1 7 DO 0. 009 0 5
IVYA 0.003 0 1 IVYA 0.003 1 1 IVYA 0.003 3 1
AO 0.005 2 4 AO 0.012 7 4 AO 0.011 1 7
MGO 0.0252 9 MGO 0.029 4 9 MGO 0.014 4 9
LEA 0.016 2 8 LEA 0.022 1 8 LEA 0.011 0 8
WO 0.009 6 4 WO 0.008 5 5 WO 0.013 7 5
FPA 0. 009 2 3 FPA 0.003 9 3 FPA 0. 006 7 3
TGA 0.021 1 10 TGA 0.019 9 10 TGA 0.0317 10
SFO 0. 009 9 5 SFO 0.009 9 6 SFO 0.013 8 6
CPA 0.004 2 2 CPA 0.003 0 2 CPA 0.004 6 2
ZL7_F, ZWY_F, IWY_F,
DO 0.010 3 6 DO 0.010 7 7 DO 0.0157 7
IVYA 0.003 4 1 IVYA 0.002 9 1 IVYA 0. 004 3 1
AO 0.014 0 7 AO 0.007 4 4 AO 0.011 0 4
MGO 0.016 5 9 MGO 0.014 1 9 MGO 0.027 6 9
LEA 0.014 2 8 LEA 0.011 8 8 LEA 0.019 8 8
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Table 3  Training and prediction results of groundwater levels

N " LEE S URIIES
w4 [ PS5
MAPE/ % DC MAE/m MEA 44 MAPE/ % DC MAE/m MEA 24
IWO-RELM 1 0.001 3 0.999 7 0.013 7 4 0.003 1 0.992 6 0.033 4 5
FPA-RELM 2 0.000 8 0.999 9 0. 008 9 3 0. 000 9 0.999 3 0.009 9 3
TGA-RELM 3 0.003 6 0.997 8 0.038 2 10 0.004 7 0.983 0 0.050 1 9
SFO-RELM 4 0.001 6 0.999 6 0.017 3 5 0.002 9 0.994 2 0.030 9 4
W CPA-RELM 5 0. 000 6 0.999 9 0. 006 8 2 0. 000 8 0.999 5 0.008 3 2
DO-RELM 6 0.001 8 0.999 4 0.0193 7 0.003 1 0.9920 0.0336 6
IVYA-RELM 7 0. 000 6 0.999 9 0.005 9 1 0. 000 6 0.999 7 0. 006 7 1
AO-RELM 8 0.001 7 0.999 5 0.018 1 6 0.003 3 0.991 8 0.035 4 7
MGO-RELM 9 0.002 7 0.998 7 0.028 4 9 0.005 4 0.970 7 0.057 9 10
LEA-RELM 10 0.002 2 0.999 1 0.024 0 8 0.003 4 0.991 7 0.036 1 8
IWO-RELM 1 0.001 6 0.998 7 0.021 3 4 0.009 1 0.971 0 0.122°5 5
FPA-RELM 2 0. 000 9 0.999 5 0.012 6 3 0.001 7 0.999 2 0.023 1 3
TGA-RELM 3 0.003 7 0.992 6 0.050 4 10 0.0239 0.651 2 0.321 4 10
SFO-RELM 4 0.001 9 0.998 1 0.025 6 7 0.012 2 0.943 6 0.164 0 7
T CPA-RELM 5 0.000 7 0.999 7 0.009 8 2 0.001 7 0.999 2 0.022 9 2
M " | DO-RELM 6 0.001 8 0.998 3 0.0239 6 0.009 5 0.964 0 0.127 7 6
IVYA-RELM 7 0.000 7 0.999 8 0.009 1 1 0.001 7 0.999 2 0.022 7 1
AO-RELM 8 0.001 7 0.998 5 0.022 6 5 0.005 0 0.992 3 0.067 4 4
MGO-RELM 9 0.002 8 0.9959 0.037 2 9 0.020 5 0.845 1 0.275 6 9
LEA-RELM 10 0.002 3 0.997 2 0.031 2 8 0.011 0 0.954 3 0.147 5 8
IWO-RELM 1 0. 006 8 0.998 5 0.100 9 7 0.013 5 0.991 1 0.175 3 7
FPA-RELM 2 0.002 6 0.999 8 0.0333 3 0.003 0 0.999 6 0.0389 3
TGA-RELM 3 0.014 3 0.993 9 0.187 0 10 0.015 5 0.987 3 0.202 6 9
SFO-RELM 4 0.007 7 0.998 2 0.088 9 5 0.0100 0.995 1 0.130 2 5
G 2 CPA-RELM 5 0.002 2 0.999 9 0.028 2 2 0.002 6 0.999 7 0.034 3 2
DO-RELM 6 0.007 0 0.998 5 0.090 7 6 0.010 8 0.994 4 0.140 5 6
IVYA-RELM 7 0.001 8 0.999 9 0.023 1 1 0.002 0 0.999 8 0.026 4 1
AO-RELM 8 0.004 1 0.999 5 0.053 7 4 0.004 9 0.998 9 0.064 2 4
MGO-RELM 9 0.0115 0.995 9 0.149 9 9 0.016 9 0.987 1 0.219 8 10
LEA-RELM 10 0.010 2 0.996 6 0.1329 8 0.013 9 0.991 2 0.181 6 8
IWO-RELM 1 0.002 0 0.997 9 0.025 6 5 0.002 9 0.994 2 0.037 0 5
FPA-RELM 2 0. 000 8 0.999 6 0.010 8 3 0.000 9 0.999 5 0.0112 3
TGA-RELM 3 0.005 7 0.981 2 0.074 4 10 0.006 3 0.971 6 0.082 3 10
SFO-RELM 4 0.002 1 0.997 5 0.026 8 7 0.004 6 0.985 6 0.059 1 8
v W CPA-RELM 5 0. 000 7 0.999 8 0.008 6 2 0. 000 7 0.999 7 0.009 1 2
x DO-RELM 6 0.002 0 0.997 7 0.025 7 6 0.003 8 0.989 7 0.049 9 6
IVYA-RELM 7 0.000 5 0.999 8 0. 006 7 1 0. 000 7 0.999 7 0.008 7 1
AO-RELM 8 0.001 0 0.999 4 0.013 5 4 0.001 0 0.999 4 0.012 4 4
MGO-RELM 9 0.004 5 0.988 5 0.058 1 9 0.005 2 0.978 9 0.067 5 9
LEA-RELM 10 0.002 7 0.9952 0.0353 8 0.004 2 0.986 6 0.054 6 7
IWO-RELM 1 0.001 0 0.999 2 0.014 7 4 0.001 2 0.993 0 0.017 7 4
FPA-RELM 2 0. 000 9 0.999 3 0.012 7 3 0. 000 8 0.997 7 0.010 8 3
TGA-RELM 3 0.002 4 0.994 5 0.034 5 10 0.002 6 0.965 9 0.036 4 10
SFO-RELM 4 0.001 3 0.998 5 0.018 9 6 0.001 5 0.988 5 0.0213 6
2 bk gE CPA-RELM 5 0.000 5 0.999 8 0. 006 7 2 0.000 5 0.999 0 0. 006 8 2
| DO-RELM 6 0.001 2 0.998 8 0.016 4 5 0.001 4 0.991 2 0.019 8 5
IVYA-RELM 7 0.000 5 0.999 8 0. 006 4 1 0. 000 4 0.999 1 0. 006 3 1
AO-RELM 8 0.001 4 0.998 2 0.020 0 7 0.001 8 0.985 2 0.025 2 7
MGO-RELM 9 0.001 8 0.996 7 0.026 0 9 0.002 0 0.981 7 0.028 8 9
LEA-RELM 10 0.001 4 0.998 0 0.019 5 8 0.002 0 0.980 9 0.028 7 8
IWO-RELM 1 0.001 9 0.998 6 0.020 2 5 0.004 0 0.984 6 0.042 2 6
FPA-RELM 2 0.001 0 0.999 7 0.010 3 3 0.001 3 0.998 6 0.013 3 3
TGA-RELM 3 0.004 8 0.991 9 0.050 6 10 0.006 0 0.966 3 0.063 1 10
SFO-RELM 4 0.002 2 0.998 1 0.023 7 [§ 0.003 4 0.989 0 0.035 6 5
WY CPA-RELM 5 0.000 7 0.999 8 0.007 5 2 0.001 0 0.999 2 0.010 2 2
DO-RELM 6 0.002 5 0.997 7 0.026 1 7 0.004 8 0.980 5 0.050 7 7
IVYA-RELM 7 0.000 7 0.999 8 0.007 1 1 0. 000 9 0.999 2 0.0100 1
AO-RELM 8 0.001 7 0.998 9 0.018 0 4 0.002 3 0.995 2 0.024 0 4
MGO-RELM 9 0.003 4 0.995 7 0.035 7 9 0. 006 1 0.966 1 0.064 8 9
LEA-RELM 10 0.002 6 0.997 2 0.027 7 8 0.005 8 0.967 5 0.061 0 8
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Fig. 4  Absolute errors of groundwater levels
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