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Fig. 1 Overview of the study area
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Fig. 2 Framework of urban rainwater harvesting potential assessment
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Tab. 1 Main parameters of the U-Net land—cover recognition model
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Fig. 3 Land—cover recognition results in the six urban districts of Xi’an
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Tab. 4 Statistics of rainfall events by intensity class in Xi’
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Urban Rainwater Harvesting Potential Assessment Using U-Net Land-Cover Recognition
Model
REN Wei', YANG Yuanyuan®, GAO Jian®, ZHANG Wenhui’, YAN Bingbing®, LI Jiake®, QI Shijie*
(1. Power China Northwest Engineering Corporation Limited, Xi’an 710100, China; 2. Xi’an University of Technology, Xi'an 710048,
China; 3. Bank of Ningbo Co., Ltd., Ningbo 315000, China; 4. Tianjin International Engineering Consulting Group Co., Ltd., Tianjin
300220, China)

Abstract: Rainwater harvesting is an important strategy for alleviating urban water shortages, reducing drainage pressure, and
improving the resilience of urban stormwater management systems. Accurate land-cover recognition is essential for estimating surface
runoff and rainwater harvesting potential, particularly in highly urbanized areas where impervious surfaces, vegetated land, roads,
rooftops, and water bodies are spatially mixed. In this study, an urban rainwater harvesting potential assessment framework was
developed by integrating high-resolution remote sensing interpretation, a U-Net land-cover recognition model, and hydrological
estimation methods. The six urban districts of Xi'an, China, were selected as the study area. Five major land-cover types, including
water bodies, bare land, vegetated land, building rooftops, and roads, were identified from remote sensing imagery. The U-Net model
was constructed using ArcGIS Learn with a ResNet-34 backbone, and a support vector machine (SVM) model was introduced as a
traditional supervised classification method for comparison. Classification performance was evaluated using overall accuracy, Kappa
coefficient, precision, recall, F1-score, and confusion matrices. Based on the land-cover recognition results, runoff coefficients were
estimated using both the composite runoff coefficient method and the Soil Conservation Service Curve Number (SCS-CN) model. The

composite runoff coefficient method assigns empirical runoff coefficients according to land-cover types, whereas the SCS-CN model
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further incorporates hydrological soil groups and antecedent moisture conditions to represent differences in infiltration and retention
capacity. A slope correction factor was also introduced to adjust runoff coefficients under different terrain conditions. Precipitation
records from 1961 to 2023 were analyzed to establish rainfall scenarios corresponding to 10%, 50%, and 90% frequency levels, as well
as the long-term mean annual rainfall. In addition, classification error propagation was considered using the U-Net confusion matrix to
evaluate the influence of land-cover recognition uncertainty on rainwater harvesting potential estimates. The results show that the U-
Net model achieved an overall accuracy of 0. 780 and a Kappa coefficient of 0. 725, outperforming the SVM model, which achieved an
overall accuracy of 0.430 and a Kappa coefficient of 0. 276. The U-Net model showed relatively good recognition performance for
building rooftops and roads, while some confusion remained among water bodies, bare land, and vegetated land. Compared with the
composite runoff coefficient method, the SCS-CN model produced higher runoff coefficients and stronger spatial heterogeneity,
indicating that it can better reflect the effects of land-cover types and hydrological soil conditions on runoff generation. Under rainfall
scenarios corresponding to the 10%, 50%, and 90% frequency levels and the long-term mean annual rainfall, the corrected rainwater

harvesting potentials were estimated as 285, 220, 173, and 226 million m* *yr !

, respectively. Building rooftops and roads were
identified as the dominant contributors to rainwater harvesting potential. The proposed framework provides a technical reference for
urban rainwater resource assessment and resilient stormwater management.

Keywords: rainwater harvesting; U-Net model; land-cover recognition; runoff coefficient; geographic information system; Xi'an
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