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Abstract

Urban annual water supply plans are typically completed under conditions of short sample periods and
constantly changing influencing factors. Simply extrapolating based on historical averages or linear
trends can easily overlook disturbances caused by industrial restructuring, water conservation
measures, and climate fluctuations. To address this real-world scenario, this paper establishes a pre-
diction method combining GM(1, 1) grey prediction with least squares residual correction, focusing on
annual urban water demand. In the modeling process, a single accumulation is used to weaken the ran-
dom fluctuations in the original sequence. Then, parameter estimates, time response functions, and
restoration formulas are obtained from the whitening differential equation. Subsequently, the residu-
als left by the basic prediction are treated as information that can be further identified, and a linear
compensation term is constructed. Unlike complex algorithms that directly superimpose data, this ap-
proach transforms the “remaining error after prediction” into a secondary analysis object, using trend
residuals to correct the rigidity of the GM(1, 1) exponential restoration sequence. The total urban water
supply in Nanjing from 2018 to 2024 was used as a sample for testing. The sample from 2018 to 2022
was used for modeling, and the sample from 2023 to 2024 was used for prediction testing. The com-
bined model’s MAPE, RMSE, and MAE were all lower than the original GM(1, 1), with corresponding
error reductions of 11.25%, 11.62%, and 11.21%, respectively.
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Table 1. Urban water supply data of Nanjing and modeling division
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FE4y 2018 2019 2020 2021 2022 2023 2024
KB 1339.78 1529.53 1405.17 1487.60 1429.15 1394.49 1352.43
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Table 2. Comparison of forecasting results of two models
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Table 3. Comparison of forecasting error indicators of two models
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