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Abstract: Rapid urbanization in China has led to severe challenges in urban water resource 

management, including water scarcity, pollution, and the impacts of climate change. This 

study examines innovative technologies such as water recycling, rainwater harvesting, and 

urban green infrastructure, focusing on their implementation in major cities like Beijing, 

Shenzhen, and Guangzhou. Through case studies and data analysis, the research evaluates the 

effectiveness of these solutions in addressing the pressing water management issues. The 

findings suggest that integrated water management strategies, supported by strong policy 

frameworks and public involvement, are critical for achieving sustainable urban water 

systems. The study concludes with recommendations for improving urban resilience to water-

related challenges in the face of ongoing climate and demographic pressures. 
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1. Introduction 

China's rapid urbanization has placed tremendous pressure on urban water resource management, 

with cities facing challenges such as water scarcity, pollution, and climate change impacts. Northern 

cities like Beijing experience severe water shortages due to limited natural water availability, while 

southern cities like Guangzhou grapple with significant water pollution. Meanwhile, extreme weather 

events are becoming more frequent, exacerbating the vulnerability of urban water systems. To address 

these issues, technologies such as water recycling, rainwater harvesting, and urban green 

infrastructure have emerged as potential solutions. Cities like Shenzhen and Shanghai have 

implemented these strategies with notable success. This paper provides a detailed examination of 

these sustainable water management technologies, evaluates their effectiveness in major Chinese 

cities, and explores how they can contribute to the future resilience of urban water systems. Through 

case studies and data analysis, the research highlights the role of innovation and policy in overcoming 

the water resource challenges posed by rapid urban development. 

2. Challenges in Water Resource Management 

Water scarcity is a particularly severe issue in northern Chinese cities, where the natural availability 

of water is limited. For example, Beijing, the capital of China, faces significant water shortage 

challenges. The city's per capita water availability is only 60% of the national average, which places 

Proceedings of  the 5th International  Conference on Materials  Chemistry and Environmental  Engineering 
DOI:  10.54254/2755-2721/128/2025.20203 

© 2025 The Authors.  This  is  an open access article  distributed under the terms of  the Creative Commons Attribution License 4.0 
(https://creativecommons.org/licenses/by/4.0/).  

31 



 

 

immense pressure on its water management systems. Beijing’s annual water demand reaches 

approximately 4.5 billion cubic meters, but the city’s own water supply can only meet 3 billion cubic 

meters of that demand[1]. As a result, Beijing is heavily dependent on external sources of water, such 

as water transfers from other regions, including the South-to-North Water Diversion Project. 

However, this external dependence makes the city vulnerable to fluctuations in the availability of 

these water sources, highlighting the need for better water conservation and management strategies. 

Moreover, excessive groundwater extraction, a common practice in northern China to meet water 

demand, has caused a significant drop in groundwater levels, leading to the depletion of underground 

water reserves. This overexploitation of groundwater is not only unsustainable but also disrupts the 

ecological balance, contributing to land subsidence and further water scarcity. 

In addition to water scarcity, water pollution presents another critical issue in urban water resource 

management. This is particularly evident in cities like Guangzhou, located in the southern part of 

China. water quality monitoring in the Pearl River Basin has revealed that certain areas have chemical 

oxygen demand  levels exceeding national water quality standards[2]. COD is a key indicator of water 

pollution, and high COD levels are a sign of excessive organic pollutants, typically resulting from 

industrial wastewater discharge, untreated domestic sewage, and agricultural runoff. The primary 

sources of pollution in Guangzhou are industrial effluents from factories and wastewater from 

domestic and municipal activities, which are often discharged without proper treatment. This 

pollution poses significant risks not only to the health of local populations but also to the environment, 

as polluted water harms aquatic ecosystems and reduces the availability of clean water for 

consumption, irrigation, and industry. Immediate intervention and comprehensive treatment measures 

are required to mitigate the harmful effects of water pollution and to restore water quality. 

Furthermore, the impacts of climate change have compounded the challenges associated with 

water resource management. As climate patterns shift, extreme weather events, such as floods, 

droughts, and heatwaves, are becoming more frequent and intense, putting additional stress on urban 

water systems. For instance, in Wuhan, a major city in central China, extreme rainfall in 2019 led to 

devastating urban flooding, covering more than 5,000 hectares of land. This flood caused significant 

damage to infrastructure, including roads, buildings, and public utilities, and strained the city’s water 

management systems. Such events highlight the vulnerability of urban water systems to climate-

induced hazards, necessitating the development of more resilient infrastructure and adaptive 

strategies for managing water resources. As urban populations continue to grow and the frequency of 

extreme weather events increases, managing the effects of climate change on water resources will 

become even more crucial for ensuring the sustainable development of China’s cities. 

These challenges—water scarcity, pollution, and the impacts of climate change—represent some 

of the most pressing issues in urban water resource management in China today. To address these 

challenges effectively, comprehensive policies and innovative solutions that incorporate technology, 

sustainable practices, and improved governance will be required. Without a concerted effort to 

manage water resources efficiently, China’s urban centres will continue to face increasing pressure 

on their already strained water systems. 

3. Water Recycling Technologies 

Water recycling technologies have proven to be a promising solution for alleviating water shortages, 

especially in urban areas where water demand is high. Among the cities leading in this area, Shenzhen 

has made notable strides in the construction and implementation of sewage treatment plants and 

wastewater reuse systems. Shenzhen’s commitment to water recycling is exemplified by the Nanshan 

Sewage Treatment Plant, which processes a substantial 60,000 cubic meters of wastewater on a daily 

basis. This treated wastewater is then repurposed for non-potable uses such as urban landscaping, 

industrial production, and cooling processes for various commercial and industrial establishments. 
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This system not only reduces the burden on fresh water resources but also helps to manage wastewater 

efficiently, contributing to a more sustainable water use model in the city. 

Shenzhen’s approach goes beyond just building infrastructure; it incorporates an “integrated water 

management” strategy that combines the efforts of multiple sectors, including water supply, 

environmental protection, and urban planning. This coordinated approach allows for more efficient 

use of water resources across various domains, ensuring that water is used sustainably while also 

minimizing waste and maximizing the reuse of available water. By integrating water management 

with broader urban planning initiatives, Shenzhen has successfully enhanced the resilience of its 

water systems, especially during periods of drought or extreme weather events. This integrated model 

has received positive feedback, as it improves overall water use efficiency, optimizes resource 

allocation, and reduces the environmental impact of water extraction[3]. Through this system, 

Shenzhen has positioned itself as a leader in water recycling, setting a valuable example for other 

cities facing similar challenges. 

4. Rainwater Harvesting Systems 

Rainwater harvesting has emerged as one of the most effective and widely adopted strategies for 

addressing urban water shortages, particularly in cities that experience seasonal fluctuations in rainfall 

or have limited water resources. By collecting and storing rainwater, cities can reduce their 

dependence on traditional water supply systems, alleviate pressure on groundwater resources, and 

improve their ability to manage extreme weather events such as floods and droughts. 

In Shanghai, rainwater harvesting has been institutionalized through the implementation of the 

“Rainwater Harvesting Management Measures,” which require that all newly constructed buildings 

incorporate rainwater collection systems. This regulatory measure has significantly increased the 

city’s capacity to capture and reuse rainwater, enhancing its resilience to both dry spells and intense 

rainfall events. The coverage rate of rainwater harvesting systems in newly constructed projects had 

reached an impressive 80% by 2019[4]. This initiative has allowed Shanghai to collect approximately 

2 million cubic meters of rainwater annually, which is then utilized for various purposes, including 

irrigation, landscape maintenance, and non-potable industrial uses. The ability to harvest and reuse 

rainwater not only reduces the demand on the city's freshwater supply but also mitigates the risks of 

urban flooding by reducing surface runoff and allowing water to be absorbed more efficiently into 

the ground. 

The promotion of rainwater harvesting systems in both residential communities and commercial 

areas has significantly strengthened Shanghai’s ability to manage extreme weather events, 

particularly heavy rainfall. By reducing the volume of stormwater that would otherwise contribute to 

flooding, the city has improved its flood prevention strategies. Additionally, this approach helps to 

optimize the utilization of rainwater during the dry season when water resources are more scarce. The 

integration of rainwater harvesting into urban infrastructure also aligns with the city's broader goals 

of creating more sustainable, eco-friendly environments, thus enhancing the overall quality of life for 

its residents. 

In conclusion, both water recycling and rainwater harvesting systems have proven to be highly 

effective in enhancing water resource sustainability in China’s major urban centres. Cities like 

Shenzhen and Shanghai have made significant progress in adopting these technologies, not only to 

mitigate water shortages but also to improve urban resilience to climate-related challenges. These 

efforts exemplify the importance of technological innovation and integrated management strategies 

in addressing the growing water demands of rapidly urbanizing regions. 
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5. Urban Green Infrastructure 

Urban green infrastructure has become an essential strategy in improving water resource management, 

especially in rapidly urbanizing cities. In China, one of the most significant efforts in this area is 

Beijing’s “Sponge City” initiative, which was launched in 2018. This project aims to create urban 

environments capable of absorbing, storing, and reusing rainwater, reducing the risk of urban flooding 

while also addressing water scarcity issues. 

The initiative incorporates several green infrastructure measures, such as permeable pavements 

and green roofs. Permeable pavements are designed to allow rainwater to filter into the ground rather 

than running off into drainage systems. This reduces surface runoff and helps replenish groundwater. 

Green roofs, which are covered with vegetation, absorb rainwater, provide insulation, and also reduce 

the urban heat island effect. These measures not only improve water management but also contribute 

to urban biodiversity and environmental sustainability[6]. 

By 2025, Beijing plans to complete 200 projects under the Sponge City initiative, covering an area 

of 3,000 hectares. One of the projects in Chaoyang District demonstrates the effectiveness of green 

infrastructure. The district installed permeable bricks and added vegetation, which led to a 30% 

reduction in annual rainwater runoff. This reduction is crucial in preventing urban flooding and 

reducing pressure on drainage systems, especially during heavy rainfall events. 

Additionally, these green infrastructure measures help in improving the overall sustainability of 

the city’s water system. They enhance the capacity for rainwater harvesting, which can be used for 

irrigation, landscaping, and other non-potable purposes, reducing reliance on external water sources. 

The success of the Sponge City initiative demonstrates that integrating natural systems into urban 

planning can significantly improve water resource management. These green solutions not only help 

mitigate the risks of flooding but also improve the quality of urban life by creating greener, more 

pleasant environments. As Beijing moves forward with its Sponge City plans, the approach has shown 

promising potential for other Chinese cities facing similar water management challenges. 

6. Methodology 

This study primarily focuses on case studies of urban water resource management technologies in 

major Chinese cities, followed by a review of existing literature to provide background and context. 

Data analysis is used to supplement the findings from the case studies and literature review. 

7. Literature Review 

A comprehensive review of the literature on urban water resource management in China reveals 

several key trends and challenges that shape the current water management landscape. One of the 

most pressing issues identified is the widespread water scarcity and pollution in major cities, with 

technological innovations such as water recycling and rainwater harvesting being highlighted as 

crucial solutions. Cities that have adopted integrated water management approaches, combining 

multiple strategies, have shown greater success in tackling these challenges. Furthermore, climate 

change is exacerbating water-related issues, particularly in cities vulnerable to extreme weather 

events like flooding and droughts, making the need for adaptive, flexible water management 

technologies even more urgent. Additionally, urban green infrastructure—such as permeable 

pavements and green roofs—has been recognized for its role in mitigating urban flooding and 

enhancing water retention capacity, contributing to more sustainable and resilient urban water 

systems. These insights form the foundation for understanding how cities like Beijing, Shenzhen, and 

Guangzhou are innovating in water resource management and serve as a basis for the case studies in 

this research. 
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8. Case Studies and Data Analysis 

For this research, three major Chinese cities—Beijing, Shenzhen, and Guangzhou—were selected as 

case studies due to their diverse challenges and innovative approaches to urban water resource 

management. Each city has developed unique strategies tailored to its specific needs, providing 

valuable insights into the effectiveness of various water management technologies and policies. The 

case studies are also supported by data analysis to assess the impact of these strategies on water 

management performance. 

Beijing has implemented the "Sponge City" initiative, aiming to transform urban water 

management through the integration of green infrastructure. This includes the use of permeable 

pavements, green roofs, and advanced stormwater management systems. The city's focus is on 

improving water retention, reducing surface runoff, and enhancing the ability to manage heavy 

rainfall. For instance, the district of Chaoyang has installed permeable pavements and vegetation, 

resulting in a 30% reduction in annual rainwater runoff. Data analysis indicates that in areas with 

extensive green infrastructure, there has been a noticeable decrease in flood events, with the city's 

flood frequency reducing by approximately 20% over the last three years. The case study assesses 

how these systems have been implemented across different districts and evaluates their success in 

mitigating urban flooding risks. 

Shenzhen, a rapidly developing city with significant water scarcity issues, has focused on building 

an extensive water recycling system. Through this system, treated wastewater is reused for industrial 

processes and urban landscaping. For example, the Nanshan Sewage Treatment Plant processes 

60,000 cubic meters of wastewater daily, with approximately 40% of this water being recycled for 

reuse. Data collected from Shenzhen’s water management department reveals that the city’s water 

reuse rate has increased from 25% in 2015 to 40% in 2021, significantly reducing its reliance on 

external water sources. The city's water recycling initiatives are designed to reduce dependence on 

external water sources and enhance local water use efficiency[5]. This case study delves into 

Shenzhen's water recycling projects, examining their impact on addressing water scarcity, increasing 

water reuse rates, and improving overall urban sustainability. 

Guangzhou, situated in the Pearl River Basin, has faced long-standing challenges with water 

pollution and water quality management. In response, the city has introduced a combination of 

rainwater harvesting systems and advanced sewage treatment technologies. Guangzhou’s rainwater 

harvesting systems, now installed in 80% of newly constructed buildings, have been a crucial tool in 

improving water management. The city collects approximately 2 million cubic meters of rainwater 

annually through these systems. Additionally, Guangzhou's advanced sewage treatment plants treat 

90% of the city’s wastewater, with treated water being redirected to industrial and agricultural uses. 

Data from the Guangzhou Environmental Protection Bureau shows a 15% improvement in water 

quality within the Pearl River over the last five years, with a significant reduction in pollution levels 

such as chemical oxygen demand and total suspended solids. The case study evaluates the 

effectiveness of these strategies in improving water quality, particularly in addressing the pollution 

caused by industrial and domestic wastewater. By promoting rainwater harvesting and enhancing 

sewage treatment infrastructure, Guangzhou has made significant strides in improving the water 

quality of the Pearl River, reducing pollution levels, and enhancing the city's resilience to future 

water-related challenges[7]. 

These case studies not only illustrate how different cities have tailored their approaches to water 

management based on local needs but also provide valuable data-driven insights into the effectiveness 

of these strategies. The integration of data analysis such as water reuse rates, runoff reduction 

percentages, and water quality improvements offers a more comprehensive understanding of the role 

of technology and policy in enhancing urban water resource management in China. 
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9. Results Analysis 

This study integrates findings from the case studies, literature review, and data analysis to evaluate 

the effectiveness of various water management technologies in urban settings. The analysis reveals 

that successful urban water management relies on several key factors, including strong policy 

frameworks, public involvement, and effective technology implementation. 

Cities like Shenzhen and Guangzhou, which adopted integrated approaches to water management, 

showed significant improvements in water use efficiency and water quality. For example, Shenzhen’s 

water recycling system and Guangzhou’s rainwater harvesting initiatives have successfully addressed 

water scarcity and pollution.  

The study also highlights the importance of collaboration between urban sectors, as seen in 

Beijing’s "Sponge City" initiative, where green infrastructure has helped reduce flooding risks.  

Overall, the results emphasize the role of comprehensive policies, community participat ion, and 

innovative technologies in achieving sustainable urban water management. 

10. Conclusion 

In summary, Chinese cities are facing significant challenges in water resource management, including 

scarcity, pollution, and the impacts of climate change. However, innovations such as water recycling, 

rainwater harvesting, and urban green infrastructure show great promise in addressing these issues. 

The success of these technologies depends heavily on supportive policies, public engagement, and 

effective implementation strategies. This study provides valuable insights into the status and 

effectiveness of these technologies in large Chinese cities, offering a potential roadmap for achieving 

sustainable urban water resource management in the future. Through continued technological 

optimization and policy enhancement, along with greater public involvement, cities can work towards 

more efficient and sustainable water management solutions. 
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