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ABSTRACT
In today's world, a wide variety of natural resources are decreasing due to population growth and overconsumption. Water, being one of the most vital natural resources, is under significant threat. Therefore, it is essential to protect these resources and adopt sustainable water management practices. One of the effective strategies includes the development of new systems such as rainwater harvesting and green roof applications. These systems offer ecological and economic benefits by enhancing water conservation, promoting energy efficiency, and contributing to urban resilience. Especially in urban areas, where the negative impacts of rapid urbanization and climate change are more pronounced, the integration of green infrastructure plays a critical role. This paper aims to evaluate rainwater harvesting and green roof systems by reviewing recent literature from multiple disciplines. The findings highlight their importance in urban water recovery, energy use optimization, and sustainable development..
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[bookmark: _Hlk99456664]INTRODUCTION
Rapid urbanization, climate change, and increasing resource demand have created significant challenges in water, energy, and environmental systems. Traditional engineering approaches often fail to provide long-term sustainable solutions and may lead to unintended ecological consequences. In this context, nature-based solutions (NbS) have gained attention as innovative and sustainable alternatives.
NbS refer to actions that protect, sustainably manage, and restore natural or modified ecosystems while addressing societal challenges. These solutions not only enhance environmental quality but also provide economic and social benefits. Particularly in water and energy systems, NbS offer cost-effective and resilient strategies.
MATERIALS AND METHODS
This study is based on a comprehensive literature review of peer-reviewed articles, reports, and international policy documents related to nature-based solutions. Scientific databases and institutional publications were analyzed to evaluate the applications of NbS in water, energy, and environmental sectors.
RESULTS AND DISCUSSION
Table 1. Key Contributions of Nature-Based Solutions in Water, Energy, and Environmental Systems
	Category
	NbS Application
	Main Function
	Key Benefits

	Water Management
	Constructed wetlands
	Wastewater treatment
	Improves water quality, reduces pollutants

	Water Management
	Green roofs & permeable surfaces
	Stormwater management
	Reduces flood risk, enhances infiltration

	Water Management
	River restoration
	Ecosystem rehabilitation
	Enhances biodiversity and water flow regulation



Nature-based solutions vary depending on environmental conditions, ecosystem types, and implementation strategies. Factors such as climate, land use, biodiversity, and socio-economic conditions influence their effectiveness. For instance, wetland systems significantly improve water quality by naturally filtering pollutants, while urban green infrastructure helps regulate temperature and reduce energy consumption.
The performance of NbS also depends on long-term maintenance and proper design. Forest-based solutions contribute to carbon sequestration and renewable energy production, whereas coastal ecosystems such as mangroves provide protection against extreme weather events. Additionally, NbS enhance ecosystem resilience and biodiversity while supporting sustainable resource management.
Significant differences have been observed between traditional engineering solutions and NbS in terms of sustainability, cost-effectiveness, and environmental impact. NbS generally offer multifunctional benefits, including climate adaptation, improved ecosystem services, and enhanced human well-being.
Recent studies emphasize the growing importance of integrating NbS into policy and planning processes. These solutions not only support environmental protection but also contribute to energy efficiency and water security. Therefore, NbS are increasingly recognized as essential tools for achieving sustainable development goals.
Role of NbS in Water Management
Nature-based solutions play a crucial role in sustainable water management. Wetlands, green roofs, and permeable surfaces contribute to water filtration, groundwater recharge, and flood mitigation. For example, constructed wetlands are widely used for wastewater treatment due to their ability to remove pollutants naturally. Additionally, river restoration projects improve water quality and ecosystem health.
Role of NbS in Energy Systems
NbS also contribute to energy sustainability by supporting renewable energy systems and reducing energy demand. Forest ecosystems act as carbon sinks, helping mitigate climate change. Biomass energy derived from sustainable forest management provides an alternative to fossil fuels. Moreover, green infrastructure reduces urban heat island effects, thereby lowering energy consumption for cooling.
Role of NbS in Environmental Protection
In terms of environmental sustainability, NbS enhance biodiversity, improve ecosystem resilience, and reduce greenhouse gas emissions. Coastal ecosystems such as mangroves protect against erosion and extreme weather events. Urban green spaces improve air quality and provide social and health benefits.
Challenges and Limitations
Despite their advantages, NbS face several challenges, including limited awareness, lack of standardized methodologies, and difficulties in economic valuation. Additionally, long-term monitoring and interdisciplinary collaboration are required to ensure their effectiveness.
[bookmark: _Hlk98623584]CONCLUSION
Nature-based solutions offer a holistic and sustainable approach to addressing water, energy, and environmental challenges. By integrating ecological processes into infrastructure and policy, NbS can enhance resilience, reduce environmental impacts, and support sustainable development. Future research should focus on improving implementation strategies, economic evaluation, and policy integration to maximize the potential of NbS.
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