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Abstract [ Objective] In response to the complex water level variation patterns of reservoir drinking water source area that are
mainly regulated by humans, as well as the insufficient accuracy of traditional prediction method, this paper aims to develop and
validate a physics-informed multi-module machine-learning coupled prediction framework to achieve reasonable and timely water level
predictions for such reservoirs, thereby providing decision support for refined reservoir scheduling. [ Methods ]  This paper applied
this prediction framework to the JZ reservoir and conducted customized modeling for different control units with different operating
mechanisms within the reservoir; (1) For the flow prediction of the water diversion gate, a two-level cascading model was adopted,
combining the time series prediction of the gate opening degree based on Prophet model and the dynamic estimation of the coefficient of
discharge (C,) based on exireme gradient boosting ( XGBoost) , and obtaining the prediction result through the gate flow calculation
formula; (2) For the prediction of intake pump flow, a two-stage strategy was adopted. which used random forest (RF) for pump on/
off state prediction and XGBoost for flow rate prediction; (3) For transfer pumps exhibiting strong periodicity, light gradient boosting
machine ( LightGBM) was used for direct flow rate forecasting. Finally, the prediction results of each module were coupled under the

physical constraints of the water balance equation, and the water level changes over the next 24 hours were calculated. [ Results] The

[FEHHEI] 2025-08-12
[E€mBE] HEZEAHEITR(2021YFC3201303) ; iR BHEAIH T3] (23DZ1203002)
[EEEE] R (1990— )5, TR, 32 KB K A BEBUE AN ZE T4 , E-mail :490732746@ qq. com,,



WK R
WATER PURIFICATION TECHNOLOGY

Vol. 45,No. 3,2026
March 25th, 2026

prediction framework proposed in this paper was compared with the prediction result of the traditional mechanism model on the test set.

The result showed that the performance of each indicator of this method was superior to that of the traditional mechanism model. The

Nash-Sutcliffe efficiency (NSE) coefficient significantly increased from 0. 03 to 0. 56, the mean absolute error (MAE) decreased from

0.20 m to 0. 19 m, the mean absolute percentage error (MAPE) decreased from 9.03% to 8.06%, and the calculation efficiency of

this method was significantly higher than that of the traditional model. [ Conclusion ]

The multi-module coupled prediction framework

proposed in this paper, by decomposing complex systems and deeply integrating data-driven and physical mechanism approaches before

conducting coupled predictions, provides a reference method with both accuracy and efficiency for solving the problem of water level

prediction in human-controlled reservoirs, and offers new ideas and technical support for intelligent management of water sources.

Keywords water level prediction multi-module coupling prediction framework reservoir of water source two-level cascaded mode

two-stage strategy physical information fusion
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Tab.3 Accuracy Evaluation of Flow Rate Calculation for
Adaptive C, and Fixed C, Values in the Test Set
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Fig. 8 Results of LightGBM Model Test Set
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Fig. 10 Comparison of Multi-Module Fusion Machine Learning

Forecasting Framework and Traditional Mechanistic Models in

Water Level Forecasting
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Tab.5 Performance Comparison between Integrated Water Level

Forecasting Model and Traditional Mechanism-based Model
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Tab.6 Comparison of MAE Indices between this Paper
and Existing Water Level Prediction

EIRI AN R MAE/m  SCHRR I

JZ K JE 2o AL TN E 4 0.19 &

=WokFE - KEWNCIZ(LSTM) +KI45H 0.5 [3]

=K RNN <0.4 [5]

=K LSTM <0.2 [16]

IR FEH R SR (Seq2Seq)  <0.3 [17]
LIEERI U BIEREMIZ 4 (DNN-U) 0.2 [18]

[

Mayurakshi IKJE TR DLy 2.5
FH 2R 6 FIHT JSUAE TR I o 000 X B AT R A |

P e AN TR S A KA A8 Ak, A 53 1Y) T A
BE(MAE=0. 19 m) FRIUELS, 5 FFH 532 491 1) Fouim)




ik

FET 2L T RE SR A4 7K PR 2R AR AL PR S0 5 7k

Vol. 45, No. 3,2026

5 B Ib T [7)— K- | B AR R4 S 0 A T AR
N F G KR BSR4 A T EIE T
AHHFE T4 ) Z2 B & IO HE SE | 76 Ab #1424
TR IRSN T B K A T [ B, B A — S 5
PEPEFIAT R

BRI A1, AR 5T 7 S A5 Bl 4 T A
BEE G LA R R 1 A T AR T 7R
WFSErh A5 Go AL BRAR Y 5 ji — A JE 300 7K 32 4 35000
(BPFUI A K 24 b K A7AEAE) 2T 2 30 min, iR
JFIA HEE 24 5 R — A J 0 K 37 £ T SF- 24 75 2 35 s,
HHABCRIETHZ 50 £, X —VEREZE S F 2 T
FhE AR B LR N TR SR . 15 G LB AR T X5t /K
B 1207 RE BB SR A , %0 TR0 3 B I ]
2 B BEA RS 20 04 TR K 350 4, I3 i 2 AR 0k 5% 45
SR R, LT A A R, XA F e B N A
FURBTA], 52, ARG Y 2RO A T
THE SR, H T Y T 4 vh e — U 1 B I
B BE, — ELYI 25 52 i, 78 T Iy BE A et PR
I, ASHE SRR RIS B b S2 B T Ak , B0 4
53 J (VR A AR Ak v A B AR, B AR
TR IR T SR, AE W I K A S R U X
RPEIESR
3 FHRERE

B o 7K 2 0 K U M K A7 T v A B S 2 B
2 KHESHORH 2 RN A B % S XERE, AR S
A IE T — A A B A nY 2R ALY
SEOTHIATRIIAELS , EEAHE T, (1) 7 LA
ARG Xh 4 R 1A R T S840t 4 B e S
5 R B AT HLBE A 5 B4 1 1 IROK TRk R
VA B TR T S A B L 2 ST AR R (4 g 1B A
B T BERG ) SR JE LK A T R S Y B2
WA OB S TR R A TR S5 SR A TR, R
e [R1 28 5 2K P 5K 5 4 7K A5 T 1] AL T
B (2) PERede Tt LGB ALA LT, A HESE
TEFTATEN AR L R B 4y, B A5 [ N ANRR %
AR HEAL FAHE K P 56 28 AR, 13 46 WA ASAE 42 R A
LA I A TR 8 | T ot 7 A B 57 2 i S 2 1 K
FF (7K LT 5] B 2 B — s (SR, T ARA
MESRIH R ROR AL BRI LT T 24 50 i, S50 T il
TIPS FE 5 P P SR AL

JUEABIFIRAG T B8R (B A AE T E—

LB R T, (1) P EAACRRS Ak A
WFFER T T AL R R P AR R R 5 ] A
(1 = Ak IE w2 2 il A K dle , b ot TN 46 1 1) 4 B
LY, LIBIRE— 2 R AR oh 3 DX 285 1 A ok 1) it
M 22 ; (2) HEZR A 2 Bp [F) 4K I AiT#% 1By
TAZ YNGR, B RO 1 AR GK B e, ARk TR R
ZAT G52 ) R AL A 2] A e R 5 2% TR A
A—AGE—HIHELR N AT B 2 o 1k & DI 2k, LSS B
FITERICHRNE 2R LAl ; (3) 2 Hbn 534
YREH A TIIN - 2 AR 2 B G K Rk IE AT
A RSB (AR 22K a) AR 5 (1 B H
PRECH SR AL b Ry K i — KBTI 8] T A
[P VA (X AN )i S Wl SR Ay -2 4 )
WFFEIE TSRO Bl A S S A BB TE L], LLAR T
TIEAR B AL TO0 N &R

£ Sk

[1] Zhang Y L, Deng J] M, Qin B Q, et al. Importance and
vulnerability of lakes and reservoirs supporting drinking water in
China[ J]. Fundamental Research, 2023, 3(2): 265-273.

[2] 2% KERDKIR R S PR MM s (1], TR T
HAR, 2024, 2(3); 108-110.

Li J L. Research on protection and prevention strategies for
reservoir type water source areas [ J]. Engineering Construction
Technology, 2024, 2(3) . 108-110.

[3] M, HMEH, Wi, % BG KERCIZS KE5H25¥

AR ZEZK LTI [ 1], A gl 3 TR 2% 24, 2024, 22(1) .
90-94.
Guo B C, LiZY, Chen J, et al. Reservoir level prediction via
integrating long short-term memory and graph structure learning
[J]. Journal of Fujian University of Technology, 2024, 22(1) :
90-94.

[ 4] Gharehbaghi A, Ghasemlounia R, Ahmadi F, et al
Groundwater level prediction with meteorologically sensitive gated
recurrent unit ( GRU ) neural networks [ J ]. Journal of
Hydrology, 2022, 612: 128262. DOI: 10.1016/]. jhydrol.
2022. 128262.

[5] AHER, A, X%, % LT8R 2R LI K K AL B
MIFELT]. KIREBEBER , 2022, 39(3) : 80-85.

JiGL, Zhou M, Liu T, et al. Predicting water level for large
reservoirs using recurrent neural network[ J]. Journal of Yangtze
River Scientific Research Institute, 2022, 39(3) : 80-85.

[ 6] ftplsts, BAES, Mk, 5. 2T Embedding-GRU AY7KJE K
AR ], FE K AL TR SR FIRHEL (h3E30) | 2023, 21
(5): 940-950.

Yang T T, Yu J Y, Xiao Y, et al. Reservoir level prediction



WK R
WATER PURIFICATION TECHNOLOGY

Vol. 45,No. 3,2026
March 25th, 2026

[10]

[11]

[12]

based on Embedding-GRU model [ J]. South-to-North Transfers
and Water Science & Technology, 2023, 21(5) . 940-950.
EUSE. /N T A 2 R K KO A AT S 0 308 AT 80OR 43
Wi——& PG J]. HRER, 2018, 37(5) : 33-38.
Ye Y X. Exploration of construction for small scale ecological
reservoir and effects analysis on the initial operation—Case study
on Jinze Reservoir[ J]. Water Purification Technology, 2018, 37
(5):33-38.

BENG, RS, FEE, S R ) EOK S B i S5 3t
S TCEAR AT [T]. SRR, 2024, 50(12) : 146~
153.

Xue H, Yuan D, Li G F, et al. A metadata modeling method for
smart water management data analysis and sharing[ J]. Water &
Wastewater Engineering, 2024, 50(12) . 146-153.

WHTF, BRI, Prophet B 7 R A0 76 S 401 /K J5T ¥ 4 50000+ )
REFALS]. il BARAE, 2020, 47(3) : 29-35.

Shen S Y, Chen M. Application of Prophet time series model in
short-term prediction of dissolved oxygen in water[ J]. Fishery
Modernization, 2020, 47(3) . 29-35.

RHEFT, PRAETE, R, % 3T XCGBoost TR A1
T LST™M SRS K BN GE T3 (1], PR TR, 2024, 42
(1):223-234.

YuY Q, Chen N W, Yu Q B, et al. Selecting transfer
conditions based on XGBoost to improve water quality prediction
capacity of the LSTM model [ J]. Environmental Engineering,
2024, 42(1): 223-234.

WO, FETF BENLARMOR Sobol 12 (1 7 ie] 17 k3% 0200 A B
B[ D], P, PEEHTRY:, 2024,

Cao D Y. Discharge prediction and sensitivity analysis of sluice
gate based on Random Forest and Sobol’ s method[ D]. Xi’ an:
Xi’ an University of Technology, 2024.

ZETC. HET PR~ B IS Ui I B DX Rl U AT 58 [ D).
R RHRF, 2022,

Li K. Research on two-stage interval prediction for dam seepage

based on machine learning[ D]. Tianjin: Tianjin University,

[13]

[14]

[15]

[16]

[17]

[18]

[19]

2022.

REE. FEHUARARE A8 2L PRAS B BT S5 M D]
TEFA: DEFHE R, 2021,

Wu Y. Research and application of random forest algorithm in
traffic state prediction [ D ].
University, 2021.

BOWER, B, ki, S5 JET LightGBM oK) oK i g it
W], PHENN 5%, 2024, 41(4) . 340-349.

Geng W M, Yan J, Zhang D, et al. Forecasting of water supply

Shenyang: Shenyang Normal

pressure based on LightGBM [ J]. Computer Applications and
Software, 2024, 41(4) : 340-349.

PRI, BXURRE, f4. FET ARIMA-CNN-LSTM A1 ]
TFEBOK AT BTFE 1], AKAIK AR, 2023, 44(1) .
15-22.

Chen S Y, Zhao Y X, Jiang L. Prediction of water level of
Kaifeng section of Yellow River based on ARIMA-CNN-LSTM
model[ J]. Express Water Resources & Hydropower Information,
2023, 44(1): 15-22.

W, XIWH, ¥, 5. BT LSTM % =Wk B i ik
KL TE T 5E [ T] . KRR ez, 2022, 43(10) : 13-
18.

XuY, Liu Y X, Wang T, et al. Study on short-term upstream
water level prediction method of Three Gorges Reservoir based on
LSTM[J]. Express Water Resources & Hydropower Information,
2022, 43(10); 13-18.

Gwo-Fong L. Forecasting of water levels downstream of reservoirs
[D]. Taiwan: National Taiwan University, 2023.

Ibanez S C, Dajac C V G, Liponhay M P, et al. Forecasting
reservoir water levels using deep neural networks: A case study of
Angat Dam in the Philippines[ J]. Water, 2022, 14(1) . 34—
34.

Das M, Ghosh S K, Chowdary V M, et al. A probabilistic
nonlinear model for forecasting daily water level in reservoir[ J].

Water Resources Management, 2016, 30(9) ; 3107-3122.



