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Abstract 
Urban green spaces are increasingly recognized for their role in enhancing air quality and contributing 

to the overall well-being of urban populations. This review article explores the mechanisms through 

which urban green spaces improve air quality, the types of vegetation most effective in pollutant 

removal, and the broader environmental and social benefits of green spaces. By synthesizing current 

research, this article highlights the importance of integrating green spaces into urban planning to 

mitigate air pollution and promote sustainable urban development. 
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Introduction 

Urban green spaces have become increasingly essential in modern city planning due to their 

multifaceted benefits, particularly in enhancing air quality. Rapid urbanization and 

industrialization have led to significant environmental challenges, including deteriorating air 

quality resulting from increased emissions from vehicles, industries, and other anthropogenic 

activities. Poor air quality poses severe health risks, contributing to respiratory and 

cardiovascular diseases, premature mortality, and reduced quality of life. Consequently, there 

is a growing need to explore sustainable solutions that can mitigate air pollution and improve 

urban living conditions. 

Urban green spaces, which include parks, gardens, green roofs, and street trees, offer a 

promising approach to addressing air quality issues. These spaces act as natural air filters, 

removing pollutants such as particulate matter (PM), nitrogen dioxide (NO2), sulfur dioxide 

(SO2), and ozone (O3) through various mechanisms. Vegetation can capture airborne 

particles on leaf surfaces, absorb gaseous pollutants through stomata, and promote chemical 

reactions that neutralize harmful substances. Furthermore, green spaces help regulate urban 

temperatures by providing shade and through the process of evapotranspiration, which cools 

the air and reduces the formation of ground-level ozone. 

The effectiveness of urban green spaces in improving air quality depends on several factors, 

including the type and density of vegetation, the design and placement of green areas, and 

the local environmental conditions. Trees, for example, are particularly effective in removing 

pollutants due to their large surface area and height, which allow them to capture particles 

and gases more efficiently. Shrubs and ground cover plants also contribute to air quality 

improvement, especially in areas close to pollution sources such as roads and industrial sites. 

Green roofs and walls extend the benefits of vegetation to built environments, providing 

additional surfaces for pollutant capture and enhancing urban aesthetics. 

Beyond air quality improvement, urban green spaces offer numerous additional benefits. 

They enhance biodiversity by providing habitats for various species, promote public health 

by encouraging physical activity and reducing stress, and foster social cohesion by offering 

communal spaces for recreation and interaction. Economically, green spaces can increase 

property values, attract tourism, and reduce healthcare costs by improving the overall well-

being of urban residents. Environmentally, they contribute to climate regulation, stormwater 

management, and energy conservation. 

 

Main objective 

The main objective of this review article is to examine the role of urban green spaces in 

improving air quality and their broader environmental, social, and economic benefits.
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Air quality improvement 

Urban green spaces have been widely recognized for their 

significant role in improving air quality. Various studies 

have elucidated the mechanisms through which vegetation 

in urban areas contributes to the mitigation of air pollutants. 

These mechanisms include the direct removal of pollutants 

through deposition on leaves, the absorption of gaseous 

pollutants through stomata, and the indirect benefits of 

cooling urban areas, which can reduce the formation of 

certain pollutants like ground-level ozone. 

One of the primary ways in which urban green spaces 

enhance air quality is through the deposition of particulate 

matter (PM) on plant surfaces. Particulate matter, which 

includes both PM10 and PM2.5, consists of tiny particles 

that can penetrate deep into the lungs and cause various 

health issues. Studies have shown that trees and shrubs can 

capture significant amounts of particulate matter on their 

leaves and bark. For instance, research by Nowak et al. 

(2006) found that urban forests in the United States removed 

approximately 711,000 metric tons of air pollution, 

including PM10, annually, demonstrating the substantial 

impact of vegetation on air quality. 

In addition to particulate matter, vegetation can absorb 

gaseous pollutants such as nitrogen dioxide (NO2), sulfur 

dioxide (SO2), ozone (O3), and carbon monoxide (CO). 

Plants take up these gases through their stomata during the 

process of photosynthesis. For example, a study by Janhäll 

(2015) [3] reviewed the role of urban vegetation in air 

pollution dispersion and deposition, concluding that trees 

and other vegetation can significantly reduce concentrations 

of NO2 and O3 in urban environments. This absorption 

process not only cleanses the air but also contributes to the 

overall health of the vegetation itself. 

The cooling effect of green spaces also plays a crucial role 

in air quality improvement. Urban areas often experience 

the urban heat island effect, where temperatures are higher 

than in surrounding rural areas due to human activities and 

infrastructure. Elevated temperatures can increase the 

formation of ground-level ozone, a harmful pollutant that 

forms when volatile organic compounds (VOCs) and 

nitrogen oxides (NOx) react in the presence of sunlight. By 

providing shade and through the process of 

evapotranspiration, where water is released from plant 

leaves, urban green spaces help to cool the air, thereby 

reducing the formation of ozone. A study by Taha (1997) [8] 

showed that increasing urban vegetation could reduce 

summertime air temperatures by up to 2 degrees Celsius, 

subsequently lowering ozone levels. 

Different types of vegetation vary in their effectiveness at 

improving air quality. Trees are generally the most effective 

due to their larger surface area and ability to capture and 

store pollutants. Research by McDonald et al. (2007) found 

that certain tree species, such as oak, pine, and birch, are 

particularly effective at removing air pollutants. Shrubs and 

ground cover also contribute to air quality improvement, 

especially at lower heights where vehicle emissions are 

more concentrated. Green roofs and walls, which 

incorporate vegetation into the building structure, provide 

additional surfaces for pollution capture in densely built 

urban areas. 

The choice of plant species is crucial in maximizing the air 

quality benefits of urban green spaces. Species with large, 

rough leaves are more effective at capturing particulate 

matter, while those with high transpiration rates can better 

cool the air. Additionally, the location and design of green 

spaces can influence their effectiveness. Strategically placed 

vegetation near pollution sources, such as busy roads, can 

provide barriers that reduce pollutant dispersion into 

residential areas. 

While the benefits of urban green spaces for air quality are 

well-documented, there are challenges and considerations to 

address. The maintenance of green spaces is essential to 

ensure their continued effectiveness. Accumulated 

pollutants on leaves can reduce photosynthesis and plant 

health, necessitating regular cleaning and care. Urban 

planners must also consider potential disservices, such as 

the emission of biogenic volatile organic compounds 

(BVOCs) from certain tree species, which can contribute to 

ozone formation. Careful selection of low-emission species 

can mitigate this issue. 

In conclusion, urban green spaces play a vital role in 

enhancing air quality through various mechanisms, 

including the deposition and absorption of pollutants, 

cooling of urban areas, and strategic placement of 

vegetation. The integration of green spaces into urban 

planning is essential for sustainable development and 

improving the health and well-being of urban populations. 

Continued research and innovative practices in the design 

and maintenance of urban green spaces will further enhance 

their benefits and contribute to healthier, more livable cities. 

 

Types of vegetation and their effectiveness 

Urban green spaces encompass a variety of vegetation types, 

each contributing uniquely to improving air quality. The 

effectiveness of different types of vegetation trees, shrubs, 

grasses, and green roofs and walls varies based on their 

structural characteristics and functional attributes. 

Understanding these differences is crucial for optimizing 

urban green space design to maximize air quality benefits. 

Trees are widely regarded as the most effective type of 

vegetation for enhancing air quality. Their large surface 

area, provided by leaves and bark, allows for the capture of 

significant amounts of airborne pollutants, including 

particulate matter (PM), nitrogen dioxide (NO2), sulfur 

dioxide (SO2), and ozone (O3). Studies have shown that 

trees can absorb gaseous pollutants through stomata on their 

leaves, where these gases are used in photosynthesis or 

other metabolic processes. Species such as oak, pine, and 

birch are particularly noted for their high pollutant removal 

capacities. Nowak et al. (2006) demonstrated that urban 

forests in the U.S. removed approximately 711,000 metric 

tons of air pollution annually, showcasing the substantial 

impact trees can have on urban air quality. 

Shrubs and bushes, while generally smaller than trees, play 

a significant role in capturing pollutants at lower heights. 

This is particularly important in urban environments where 

vehicle emissions, a primary source of many pollutants, 

occur close to the ground. Shrubs have a dense structure that 

can intercept particulate matter and absorb gaseous 

pollutants effectively. For instance, evergreen shrubs with 

dense foliage can provide year-round benefits, continuously 

filtering air pollutants regardless of the season. 

Grasses and ground cover contribute to air quality 

improvement primarily through soil stabilization and dust 

reduction. While they are less effective than trees and 

shrubs in capturing airborne pollutants due to their smaller 

leaf area and lower height, they still play a vital role in 

maintaining soil health and preventing erosion. Ground 
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cover plants can help reduce the resuspension of particulate 

matter into the air, thus indirectly contributing to better air 

quality. Green roofs and walls, which incorporate vegetation 

into the structure of buildings, offer an innovative solution 

for densely built urban areas where traditional green spaces 

may be limited. These installations provide additional 

surfaces for vegetation, enhancing the urban green cover 

and improving air quality. Green roofs, consisting of various 

layers including vegetation, soil, and drainage, can capture 

airborne pollutants, reduce stormwater runoff, and provide 

insulation for buildings, thereby reducing energy 

consumption and associated emissions. Green walls, or 

vertical gardens, similarly enhance air quality by capturing 

pollutants on their plant surfaces and contributing to the 

cooling of the surrounding air through evapotranspiration. 

Research has shown that green roofs and walls can 

significantly reduce concentrations of PM, NO2, and O3 in 

urban areas. The effectiveness of these vegetation types in 

improving air quality also depends on their specific 

characteristics and the local environmental context. For 

example, species with large, rough leaves tend to capture 

more particulate matter than those with smooth, small 

leaves. Trees and plants with high transpiration rates can 

better cool the air and reduce the formation of ground-level 

ozone, a pollutant that forms more readily in hot conditions. 

Additionally, the spatial distribution and density of 

vegetation play a critical role in their overall effectiveness. 

Strategically placed green spaces near pollution sources, 

such as busy roads and industrial areas, can create barriers 

that limit the dispersion of pollutants into residential and 

commercial zones. Moreover, the maintenance and health of 

urban vegetation are crucial for their continued effectiveness 

in improving air quality. Pollutants accumulated on leaves 

can hinder photosynthesis and plant growth, necessitating 

regular maintenance to ensure optimal performance. Urban 

planners and landscape designers must also consider 

potential disservices associated with certain plant species, 

such as the emission of biogenic volatile organic 

compounds (BVOCs) that can contribute to ozone 

formation. Selecting low-emission species and maintaining 

a diverse plant palette can help mitigate these issues. In 

conclusion, the types of vegetation used in urban green 

spaces trees, shrubs, grasses, and green roofs and walls each 

play a unique and essential role in enhancing air quality. 

Their effectiveness is influenced by their structural and 

functional characteristics, maintenance, and strategic 

placement within the urban landscape. By leveraging the 

strengths of different vegetation types, urban planners can 

design green spaces that maximize air quality benefits and 

contribute to healthier, more sustainable urban 

environments. 

 

Broader benefits of urban green spaces 

One of the most notable benefits of urban green spaces is 

the promotion of biodiversity. Green spaces serve as 

habitats for various plant and animal species, contributing to 

the conservation of local flora and fauna. They provide 

refuge and breeding grounds for birds, insects, and small 

mammals, supporting ecological diversity within urban 

areas. This biodiversity is crucial for maintaining ecological 

balance and resilience, particularly in the face of 

environmental changes and urbanization pressures. 

Public health is another critical area positively impacted by 

urban green spaces. Numerous studies have linked access to 

green spaces with improved physical and mental health 

outcomes. Green spaces encourage physical activity, such as 

walking, jogging, and recreational sports, which helps 

reduce the incidence of obesity, cardiovascular diseases, and 

other health conditions. Additionally, the presence of 

greenery and natural landscapes has been shown to reduce 

stress, anxiety, and depression, promoting overall mental 

well-being. The restorative effects of nature, such as 

improved mood and cognitive function, highlight the 

therapeutic value of urban green spaces. 

Urban green spaces also foster social cohesion by providing 

communal areas where people can gather, interact, and 

engage in recreational activities. Parks, community gardens, 

and green plazas offer opportunities for social interactions 

and community events, strengthening social ties and 

fostering a sense of belonging. These spaces can serve as 

inclusive environments where people from diverse 

backgrounds come together, promoting social integration 

and cultural exchange. 

Economically, well-maintained urban green spaces can 

enhance property values and attract investment. Properties 

located near green spaces often have higher market values 

due to the aesthetic and recreational benefits they offer. This 

increase in property value can lead to higher tax revenues 

for municipalities, which can be reinvested in further urban 

development and infrastructure improvements. Additionally, 

green spaces can boost local economies by attracting 

tourism and providing venues for outdoor markets, festivals, 

and other economic activities. 

Environmental benefits of urban green spaces extend to 

climate regulation and resource conservation. Green spaces 

help mitigate the urban heat island effect by providing shade 

and through evapotranspiration, which cools the air. This 

cooling effect can reduce energy consumption in buildings, 

leading to lower greenhouse gas emissions and energy costs. 

Green spaces also play a vital role in stormwater 

management by absorbing rainfall, reducing runoff, and 

decreasing the burden on urban drainage systems. This 

natural water management helps prevent flooding and 

improves water quality by filtering pollutants. 

Furthermore, urban green spaces contribute to 

environmental education and awareness. They offer 

opportunities for environmental learning and engagement, 

fostering a sense of stewardship and responsibility towards 

nature among urban residents. Community gardens and 

urban agriculture projects can teach people about 

sustainable practices, food production, and the importance 

of environmental conservation. 

In summary, urban green spaces provide multifaceted 

benefits that significantly enhance the quality of life in 

urban areas. They promote biodiversity, improve public 

health, foster social cohesion, enhance property values, 

regulate climate, manage stormwater, and contribute to 

environmental education. These benefits highlight the 

necessity of incorporating green spaces into urban planning 

and policy to create sustainable, livable, and resilient cities. 

The integration of green spaces not only addresses 

environmental challenges but also supports the overall well-

being and prosperity of urban communities. 

 

Conclusion 

Looking ahead, the role of urban green spaces in enhancing 

air quality and providing broader environmental, social, and 

economic benefits will become increasingly vital as cities 
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continue to grow and face mounting challenges from 

pollution and climate change. Future urban planning must 

prioritize the integration of green spaces to create healthier, 

more sustainable urban environments. Advances in 

technology and a deeper understanding of ecological 

interactions will enable the development of more effective 

green infrastructure solutions. By selecting appropriate 

vegetation, optimizing green space design, and ensuring 

proper maintenance, cities can maximize the benefits of 

urban green spaces. Additionally, community involvement 

and public awareness campaigns will be essential in 

fostering a culture that values and protects these green 

assets. As cities evolve, the strategic incorporation of green 

spaces will not only improve air quality but also enhance the 

overall quality of life for urban residents, paving the way for 

more resilient and sustainable urban futures. 
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