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Abstract [ Objective] In the process of urban modernization, the complexity and dynamic characteristics of water supply systems
are becoming increasingly evident, and the daily water supply volume of water treatment plants( WTPs) , as an important indicator of
the water supply system, can effectively reflect the overall characteristics. [ Methods ] This paper proposed a multi-dimensional
quantitative evaluation method from temporal, frequency, and complexity domains to assess both regularity and irregularities in daily
water supply patterns of WTPs, while simultaneously enhancing the transparency in model selection and development for daily water
supply prediction through systematic regularity quantification. In terms of regularity quantification, it included four indices in time
domain analysis; the mean absolute value of autocorrelation coefficients (MAAC), the complement of variability ( 1-CV), and two
indices based on seasonal-trend decomposition procedure using LOESS(STL) method; the trend strength and seasonality strength ( TS+
SS), and the ratio of trend seasonality strength to noise strength (R,). For irregularity quantification, it included four indices: noise

strength (NS) based on STL in time domain analysis, normalized spectral entropy (H,, ) based on power spectrum in frequency

norm

domain analysis, and two indices in complexity analysis: normalized sample entropy (NSE) and normalized Hurst exponent (Hy, ..)-

[Results] Subsequently, taking the daily water supply volumes of 10 WTPs in the Puxi area of Shanghai’s central urban district as
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the research object, based on the analysis of water supply operation regularity and related research, the relevant parameters for
autocorrelation analysis, STL decomposition, and sample entropy were set. Regularity and irregularity indices were calculated, and
then the total scores for regularity and irregularity were obtained through arithmetic mean, conducting a quantification evaluation of the
regularity and irregularity of daily water supply volumes. The evaluation results demonstrated that the regularity and irregularity scores
of 10 WTPs assessed by the method proposed in this study for different water treatment plants can mutually corroborate each other.
[ Conclusion] Based on these evaluation outcomes, GARCH and XGBoost models are subsequently employed to conduct daily water

demand prediction and regularity analysis. For WTPs categorized into four types-high regularity, medium regularity, low regularity,

and complexity-specific water demand prediction models are recommended. This method ological framework can effectively enhance the

interpretability of water demand forecasting.
Keywords water supply system

analysis complexity analysis water demand prediction
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Tab. 1 Detailed Calculation Results of Regular and Irregular Indices for 10 WTPs in Puxi
Kl 1-CV MAAC TS+SS R, RS NS H, NSE E ,norm 1S

X 0. 730 0. 852 0. 821 0. 899 0. 826 0. 096 0. 441 0. 062 0.330 0.232

Y2 0.752 0. 740 0. 900 0. 806 0. 800 0.185 0. 492 0.132 0.170 0. 245

C 0.789 0. 675 0.927 0.782 0.793 0.213 0.535 0. 137 0.180 0. 266

T 0.720 0. 699 0. 892 0. 750 0.765 0.237 0. 520 0.148 0.218 0.281

M 0. 665 0. 596 0.907 0. 699 0.717 0.282 0. 564 0. 143 0.222 0.303

w 0. 560 0.661 0. 807 0. 593 0. 655 0. 361 0.572 0.010 0.287 0.308

Y 0. 562 0. 526 0. 832 0. 602 0. 631 0.364 0. 645 0.173 0.201 0. 346

Z 0.510 0. 498 0. 878 0. 537 0. 606 0.441 0. 662 0.039 0.170 0.328

N 0. 503 0. 465 0.874 0. 564 0. 602 0. 393 0.676 0.174 0. 149 0.348

L 0. 326 0. 468 0. 898 0.372 0.516 0.556 0.707 0. 141 0.133 0.384
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Workflow of GARCH and XGBoost Models
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Fig.7 Schematic Diagram of MAPE of Prediction Results from GARCH and XGBoost Models
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