


Urban Green Space Ecological and Socioeconomic Benefits: A Comprehensive Analysis
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Urban green spaces, such as parks, gardens, urban forests, and green corridors, are essential for improving the liveability and ecological integrity of contemporary cities.  This review study summarises interdisciplinary perspectives on the health, social, economic, and ecological advantages of UGS, particularly in light of increasingly urbanising areas like India. UGS contribute to urban biodiversity conservation, microclimate regulation, and carbon sequestration, making them effective tools for mitigating urban heat island effects and climate change impacts. Green patches, regardless of their size, are found to harbour significant biodiversity, challenging the traditional preference for larger conserved areas. In terms of social interaction, UGS are vital hubs for civic involvement, inclusiveness, and cultural fusion.  The economic benefits of being close to well-kept green areas include increased property prices, boosted local business, and job creation in the field of green infrastructure management. Furthermore, UGS are integral to urban public health strategies, encouraging physical activity, reducing mental stress, and enhancing emotional well-being through exposure to natural stimuli such as soundscapes and vegetation. However, obstacles to the adoption and upkeep of UGS include a lack of available land, financial constraints, and unequal distribution across socioeconomic classes. The paper calls for integrated urban planning approaches that prioritize equitable access to green spaces and recognize their multifunctional roles in sustainable urban development. The focus is on long-term investment, inclusive policy frameworks, and participatory planning to maximise UGS's advantages.
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Introduction: 
The art, science, and technology of managing trees and forest resources in and around urban areas for ecological, economic, and aesthetic benefits is known as urban forestry. Because of its interdisciplinary nature, urban forestry is essential to contemporary urban planning and requires knowledge from ecology, sociology, landscape architecture, and silviculture (Helms, 1998). Urbanization is one of the most ubiquitous anthropogenic influences affecting modern ecosystems. As urban populations rise fast, especially in developing nations like India, natural landscapes are progressively transformed /into developed settings, resulting in a loss of biodiversity, ecosystem services, and overall ecological integrity (Pataki et al., 2006). 
In cities, urban green spaces such as parks, gardens, urban forests, roadside plantations, green roofs, and institutional green belts emerge as vital ecological infrastructure that provide a variety of services that support social cohesion, public health, and environmental sustainability. (Tzoulas et al., 2007; WHO, 2016; Chiesura, 2004). 
UGS has numerous advantages for the environment. They control the urban microclimate, filter pollutants to improve air quality, lower noise levels, boost groundwater recharge, assist biodiversity conservation, and are important for sequestering carbon. (Nowak and Crane, 2002; Kabisch, 2015; Nesshover et al., 2017). UGS function as thermal buffers, lowering surface and air temperatures<as a result of the urban heat island effect's rising urban temperatures. (Wang et al., 2019). 
It has been shown that urban trees play a key part in climate adaptation measures by having the ability to dramatically reduce land surface temperatures during the hottest summer months. The physiological equivalent temperature in densely populated Asian cities is also lowered by urban parks and tree-lined streets, enhancing thermal comfort for city people (Chen et al., 2021). UGS's biodiversity is another important component. Despite the tendency for urbanisation to homogenise species composition, that is, for similar species to be found in several cities, urban green spaces continue to act as havens for local plants and animals (Nagendra and Gopal, 2010; Chen et al., 2021). 
The abundant biodiversity that UGS can maintain in an otherwise urbanised setting is demonstrated by studies conducted at the Indian Institute of Science (IISc) campus in Bangalore, which identified over 400 plant species (Rao, 2009). One of the most important ecological services that urban vegetation provides is carbon sequestration.  Urban trees help to mitigate the effects of climate change by absorbing and storing atmospheric carbon dioxide (Nowak and Crane, 2002, and Jenkins et al., 2003). Urban street trees in Indian cities have a significant role in regulating atmospheric carbon (Singh et al., 2019). Urban green spaces contribute significantly because of their spatial dispersion throughout the urban matrix, despite the fact that their carbon storage is often lower than that of natural forests (Majumdar and Selvan, 2018). In India, a number of city-specific studies highlight how UGS might improve urban resilience (Lahoti et al., 2020). Native shrubs in Ambikapur were discovered to contribute to the reduction of CO₂, emphasizing the ecological significance of non-arboreal plants (Khan et al., 2019).

Fig. 1.  Origin of studies on urban green space and densification in world. (Source - Haaland and van Den Bosch, 2015)

Fig. 2. Estimates on per capita urban green space in different cities of India. (Source -Tripathi and Bedi, 2014)

2. The ecological contributions of urban parks and natural space:
2.1 Biodiversity and conservation: The biological significance of tiny habitat patches has historically been underestimated by conservation efforts, despite mounting evidence showing smaller places frequently have a disproportionately high value for species conservation when compared to larger but isolated sections of the same total size (Riva and Fahrig, 2022). The idea that a group of little green patches creates more biodiversity via species accumulation and may provide better conservation results than a single large patch is becoming more and more supported by research assessing the "Single Large or Several Small" paradigm (Riva and Fahrig, 2023). 
Large, semi-natural green areas are essential for maintaining long-term populations of many kinds of plants and insects (Plancheul et al., 2019). The degree of surrounding urbanisation and internal habitat features like canopy complexity, vegetation layering, and tree height affect these tiny UGS's capacity to support biodiversity (Kaushik et al., 2022). Research on integrated biodiversity and social well-being in urban green areas urgently needs standardised indicators and a common nomenclature. (Houlden et al., 2021).
2.2 Reduction of Heat Islands in Cities: A serious environmental issue that has been caused by the fast rate of urbanization is the formation of urban heat islands, which are extremely hot compared to rural areas (Irfey et al., 2023). The thermal cooling potential that is offered by green infrastructure is greatly enhanced through mechanisms such as canopy shade, evapotranspiration, and cooling of surface temperature, all of which increase thermal comfort and enhance sustainability in cities (Liu et al., 2023). Studies have proven that the cooling effect that is brought about through vegetation is highly enhanced in highly developed areas when canopy cover is more than 40% (Ziter et al., 2019).
Besides, the size of green spaces dictates how far they cool a given area. Large parks (>10 hectares) are able to cool temperatures hundreds of meters away from their edges, while small parks (<2 hectares) typically only cool a 100-meter radius (Jaganmohan et al., 2016; Aram et al., 2019). Urban form at the local scale, comprising surface cover and building density, and macroclimatic conditions, both affect how extreme UHI effects are (Manoli et al., 2019). Future UHI effects are likely to be worsened by climate change and increased urbanisation (Huang et al., 2019).
2.3 Carbon Sequestration: Carbon dioxide sequestration is one of the most important ecological services that urban green spaces offer. Trees, shrubs, and herbaceous vegetation operate as significant carbon sinks in highly inhabited regions by absorbing CO₂ via the process of photosynthesis and storing it in their aboveground biomass, root systems, and soils (Ramyar and Zarghami, 2017). Large urban parks and urban woods are particularly good at this, reducing emissions from urban activities like building, industry, and automobile transportation (Livesley et al., 2016). By immobilising or absorbing pollutants like hydrocarbons and heavy metals, plant root systems help remediate soil by halting their entry into groundwater systems and eventual re-emission into the atmosphere (Goodell et al., 2020; Ghosh and Singh, 2005). 
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Fig. 3. Small urban green spaces should be analysed via several lenses, including ecology and conservation, climatology, environmental psychology, public health, and participatory research, to subsequently guide governance and management at both the neighbourhood and city planning levels. (Source - Egerer et al., 2024)
3. The social benefits of urban green space
3.1 Community involvement and social cohesiveness: Environmental deterioration and a decline in social cohesiveness in quickly growing cities are only two of the many issues brought about by the world's urbanisation trend (Odongo, 2020; Abrahams et al., 2023). Urban green spaces are essential for community development, which is inclusive, strengthens social ties, and addresses ecological issues. These areas are essential public forums that promote civic engagement, shared responsibility, and cross-cultural interaction, strengthening a feeling of identity and belonging among everyone (Qadir and Fatah, 2023).
 In multicultural metropolitan settings, where green spaces serve as welcoming public areas that encourage democratic participation and mutual cultural expression, these results are especially pertinent (Kabisch et al., 2017). By promoting social learning and cultural integration, these initiatives transform parks and public gardens into urban common areas that promote respect and understanding across cultures (Jennings and Bamkole, 2019).
3.2 Benefits to the Economy:  Urban green areas are a major contributor to local growth and urban sustainability, providing a variety of direct and indirect economic advantages. One of UGS's most obvious economic benefits is its ability to raise property values in nearby communities.  Numerous studies have shown that, because of the recreational activities, environmental quality, and residential and commercial properties typically fetch higher market prices (Bowler et al., 2010). 
Even the smallest local parks and green areas are vital to the economy because they host events, farmers' markets, and outdoor pursuits like jogging, walking, and amateur sports, all of which support local economic development and community-based business (Kabisch et al., 2016; Konijnendijk et al., 2013). The development, upkeep, and administration of green areas promote a variety of job possibilities in industries including urban forestry, horticulture, landscaping, and park management (Jim and Chen, 2009).
4. Urban green areas are assets to support human health, both physically and mentally:
4.1 Encouraging Physical Activity: Urban green spaces are vital for public health because they provide locations that encourage social contact, mental, and physical activity.  Walking trails, jogging routes, bike lanes, and specific exercise areas are added to these areas to provide easily accessible outdoor fitness places that meet a variety of recreational purposes (Smyth et al., 2022). Many different therapeutic and preventative advantages have been linked to well-located and easily accessible green areas. These include reducing stress and anxiety, improving psychological resilience and cognitive performance, and mitigating mental health illnesses (Hartig et al., 2003; Erzen and Çikrikci, 2018; Ojala et al., 2019 and Liu et al., 2022). UGS are important social spaces that promote physical wellness as well.  Small neighbourhood green
spaces, parks, and gardens promote social interactions that are planned and unplanned, enhancing community cohesiveness (Holtan et al., 2014; Jennings and Bamkole, 2019).
4.2 Mental wellness and health: Improved psychological resilience and emotional well-being have been repeatedly linked to participation in urban green spaces. The brain's natural mood regulators, endorphins and serotonin, may be released when people interact with natural factors; they include sunlight, fresh air, greenery, and biodiversity (Elsadek et al., 2020; Bratman et al., 2019).  There is an inverse relationship between the frequency of mental health illnesses and the availability and presence of UGS, underscoring their vital function in the public mental health system (Zumelzu and Herrmann-Lunecke, 2021; WHO, 2021). 
These multisensory interactions, which include touch, sound, smell, and even temperature, all work together to enhance the potential of green areas to promote general health (Houlden et al., 2021; Marselle et al., 2021; Zhang et al., 2023). Recent studies have highlighted the multimodal aspects of green space experience in addition to aesthetics.  Natural soundscapes are therapeutic because they have been demonstrated to promote emotional healing and comfort through auditory cues, including birdsong, rustling leaves, and running water (Ode Sang et al., 2022).
Table 1. Benefits of urban green space. (Source- Athokpam et al., 2024)
	Benefit 
Categories
	Specific 
Benefit
	Details

	Ecological Benefits
	Carbon Sequestration

	Urban green spaces act as carbon sinks, absorbing CO2 from the atmosphere, which helps mitigate climate change.

	
	Biodiversity Support
	Green spaces provide habitats for various species, promoting biodiversity and enhancing ecosystem resilience.

	
	Urban Heat Island Mitigation

	Vegetation helps cool urban areas through shade and evapotranspiration, reducing the urban heat island effect and lowering energy consumption for cooling.

	Social Benefits
	Community Cohesion

	Green spaces serve as gathering spots for social interactions, fostering community ties and reducing isolation.

	
	Economic Revitalization

	Proximity to green spaces increases property values and can attract businesses and tourism, contributing to local economic growth.

	
	Opportunities for Recreation and Leisure
	Parks and green areas provide space for recreational activities, enhancing the quality of life for residents.

	Health Benefits
	Physical Health Improvement

	Access to green spaces encourages physical activity, reducing the risk of chronic diseases such as obesity, diabetes, and cardiovascular issues.

	
	Mental Health Enhancement
	Exposure to nature reduces stress, anxiety, and depression, improving overall mental well-being.

	
	Air Quality Improvement
	Vegetation helps filter pollutants from the air, improving overall air quality and reducing respiratory diseases.



5. Limitations and Difficulties:
Urban green spaces have many proven benefits, but integrating them successfully into urban landscapes is fraught with difficulties, especially in improving public health and mitigating the effects of climate change. The lack of suitable land in crowded metropolitan areas is one of the main obstacles. Rapid urban growth frequently puts transportation, real estate, and business development ahead of green space, which limits the establishment or growth of UGS (Wolch et al., 2014; Kabisch et al., 2016).
 The cost of upkeep is still another important obstacle. Green space creation may be initially funded, but ongoing maintenance, such as irrigation, trimming, pest control, and garbage management, requires consistent support.  Financial constraints in the majority of societies can lead to a lack of maintenance, which eventually undermines the ecological and recreational role of such places (Jim, 2004; Baycan-Levent & Nijkamp, 2009). In an attempt to mitigate such challenges, participatory planning methods and policies that guarantee equal distribution and accessibility of green space to all urban residents and geographic areas must be implemented. Without these structural and financial barriers being addressed, it is impossible to effectively achieve the potential of urban green spaces (UGS) to improve public health and increase climate resilience (Anguelovski et al., 2020; Haaland & van den Bosch, 2015).
6. Conclusion:
Urban green spaces are key to solving the complex issues of urbanization, climate change, and public health emergencies. Besides playing a role as a mechanism for urban cooling and carbon sequestration, urban green spaces also offer places for physical activity, social interaction, and reservoirs for biodiversity. Cumulatively, the sum of these values enhances the quality of urban life, environmental sustainability, and climate resilience. As cities grow, the strategic integration of green infrastructure into urban planning and management becomes more necessary. Green spaces as a priority imply a balance between ecological conservation and infrastructural development. Equitable access to nature-based amenities for the community can abate environmental pressures, alleviate health inequities, and facilitate social equity. Surprisingly, small green spaces, which are frequently disregarded in design, might be essential nature-based solutions, especially in high-density cities. Despite the established benefits of such spaces, further research is required to fully appreciate the multifaceted interlinkages between their structural parameters, biodiversity, microclimate conditions, and human health implications.  
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