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Abstract: 

Urban green infrastructure (UGI) is increasingly recognized as a vital 
component of sustainable urban planning. In densely populated cities, 
where air pollution poses significant risks to public health and 
environmental stability, UGI offers a natural and cost-effective solution. 
This article explores the relationship between urban green infrastructure 
and air quality improvement, examining the mechanisms through which 
vegetation reduces pollutants and presents case studies from major global 
cities. It also discusses design strategies, implementation challenges, and 
policy implications, concluding with recommendations for integrating 
UGI into urban development frameworks to enhance air quality and 
promote livable cities. 
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1. Introduction 

Air pollution is a critical environmental and public health issue, particularly in densely populated 
urban areas where high concentrations of vehicles, industrial activities, and energy consumption 
result in significant emissions of pollutants such as particulate matter (PM2.5 and PM10), nitrogen 
dioxide (NO₂), and ozone (O₃). These pollutants are linked to respiratory diseases, cardiovascular 
conditions, and premature deaths. According to the World Health Organization (2022), over 99% 
of the global population breathes air that exceeds safe levels, with urban residents facing the brunt 
of this exposure. Cities like Delhi, Beijing, and Los Angeles frequently report air quality indices 
in the hazardous range, emphasizing the urgency of implementing effective mitigation strategies 
(Saberi et al., 2019). 

In recent years, urban green infrastructure (UGI) has gained attention as a sustainable and cost-
effective approach to address the multifaceted challenges of urbanization, particularly poor air 
quality. UGI encompasses a wide range of natural and semi-natural systems—including parks, 
urban forests, green roofs, green walls, bioswales, and tree-lined streets—that are strategically 
planned and managed to provide ecological, economic, and social services. Among its many 
benefits, UGI plays a vital role in improving air quality by filtering airborne pollutants, absorbing 
carbon dioxide, and reducing ambient temperatures, which can exacerbate ozone formation 
(Kamble et al.,  2019). 

Unlike mechanical pollution control methods that require ongoing investment and infrastructure, 
green infrastructure offers a passive yet enduring solution. Trees and vegetation act as biological 
filters by capturing airborne particles on their leaves and bark, while simultaneously absorbing 
gaseous pollutants through stomata. Additionally, the cooling effect of vegetation can mitigate the 
urban heat island (UHI) effect, indirectly reducing the formation of secondary air pollutants like 
ground-level ozone (Hackius & Petersen, 2017). 

Moreover, UGI provides co-benefits that make it an attractive solution for cities aiming to become 
more resilient and livable. These include enhanced biodiversity, improved stormwater 
management, increased recreational opportunities, and psychological well-being for residents. As 
urban populations continue to grow, the integration of green infrastructure into city planning and 
policy frameworks is increasingly viewed not only as an environmental necessity but also as a 
cornerstone of public health and climate resilience strategies (Abeyratne & Monfared, 2016). This 
article explores the role of urban green infrastructure in enhancing air quality in high-density cities, 
drawing on empirical studies, case examples, and policy trends to evaluate its effectiveness, 
implementation challenges, and future prospects. 

2. What is Urban Green Infrastructure? 

Urban Green Infrastructure (UGI) is a strategic, nature-based approach to urban planning that 
integrates natural and semi-natural elements into the built environment. Unlike traditional grey 
infrastructure, which consists of concrete-based systems like roads, drainage networks, and 
buildings, UGI leverages vegetation, soil, and natural landscapes to perform critical 
environmental, social, and economic functions. It is designed not only for ecological benefits but 
also to enhance urban resilience, livability, and sustainability (Kowalskie, 2025). At its core, UGI 
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is a multifunctional network that provides ecosystem services such as air and water purification, 
microclimate regulation, stormwater management, biodiversity support, and recreational space. It 
is increasingly seen as essential infrastructure, rather than an optional aesthetic enhancement, 
especially in the face of urban challenges like air pollution, climate change, and public health crises 
(Chang & Chen, 2020). 

Key Components of UGI Include: 

• Urban Forests and Street Trees: These are among the most visible and impactful 
elements of UGI. Trees absorb carbon dioxide, trap particulate matter, and filter harmful 
gases such as nitrogen oxides and ozone, improving urban air quality. 

• Parks and Green Open Spaces: Parks act as the lungs of a city, offering residents cleaner 
air, cooler temperatures, and spaces for recreation and social interaction. They also support 
habitat conservation and urban biodiversity. 

• Green Roofs and Living Walls: Vegetation planted on building surfaces captures airborne 
pollutants, reduces indoor temperatures, and lessens the building’s carbon footprint. Green 
roofs also improve insulation and manage rainwater runoff. 

• Community Gardens and Green Corridors: These areas promote local food production, 
enhance social cohesion, and create continuous green pathways that facilitate wildlife 
movement and pedestrian connectivity across neighborhoods. 

• Wetlands and Rain Gardens: These features help filter pollutants from runoff water, 
reduce urban flooding, and create microhabitats that support aquatic and semi-aquatic 
species. 

Importantly, UGI is not a one-size-fits-all solution; its design and implementation must be tailored 
to a city’s specific environmental conditions, land use patterns, and community needs. In densely 
built urban centers, innovative vertical and rooftop greening techniques offer viable alternatives to 
traditional horizontal green spaces (Shukur, 2025). As urban populations swell and cities face 
mounting environmental stressors, incorporating UGI into urban planning frameworks becomes 
not just beneficial but critical. Its ability to filter air, lower temperatures, and enhance urban 
ecosystems makes UGI a foundational element of sustainable, healthy cities. 
 
3. Mechanisms of Air Pollution Reduction 

Urban Green Infrastructure (UGI) plays a pivotal role in improving air quality through a 
combination of biophysical and microclimatic processes. These mechanisms contribute both 
directly and indirectly to the removal or reduction of harmful air pollutants commonly found in 
densely populated urban environments. Two of the most significant processes by which vegetation 
mitigates air pollution are pollutant deposition and temperature/microclimate regulation 
(Difrancesco et al., 2021). 

3.1 Pollutant Deposition 

One of the most direct ways UGI contributes to air quality improvement is through the deposition 
of airborne pollutants onto vegetation surfaces. Leaves, stems, and bark capture a variety of 
pollutants, including: 



OTS Canadian Journal 48 

• Particulate matter (PM10 and PM2.5) 
• Nitrogen dioxide (NO₂) 
• Sulfur dioxide (SO₂) 
• Carbon monoxide (CO) 
• Ozone (O₃) 

Pollutants are either trapped on the surface of leaves or absorbed through small pores known as 
stomata. Once captured, these pollutants are eventually washed off by rain or broken down through 
chemical or biological processes (Mohamedamin, 2025). 
Trees and shrubs with large, rough, and hairy leaves are especially effective at trapping particulate 
matter. Species such as London plane, silver birch, and pine trees are frequently cited in research 
for their superior pollutant filtering capabilities. Urban forests and tree-lined streets, when properly 
designed and maintained, can significantly reduce local pollutant concentrations—particularly in 
high-traffic zones where emissions are most intense (Durach et al.,  2020). 

3.2 Temperature and Microclimate Regulation 

The urban heat island (UHI) effect, characterized by elevated temperatures in urban areas 
compared to surrounding rural zones, intensifies the formation of ground-level ozone, a secondary 
pollutant that forms when sunlight reacts with nitrogen oxides (NOx) and volatile organic 
compounds (VOCs) (Heese, 2007). UGI mitigates this by cooling the urban environment through 
shade provision and evapotranspiration—the process by which water evaporates from soil and 
plant surfaces. Cooler temperatures not only slow down the chemical reactions that produce ozone 
but also improve air circulation, allowing pollutants to disperse more effectively (Surchi, 2024). 
Vegetation also reduces energy demand for air conditioning, thereby indirectly cutting down on 
emissions from fossil fuel combustion in power plants—another key contributor to urban air 
pollution. Together, these mechanisms underscore the vital role that well-planned green 
infrastructure can play in creating healthier, cleaner urban environments. 
 
4. Case Studies from Global Cities 

Urban green infrastructure (UGI) strategies have been implemented in various global cities with 
measurable impacts on air quality. These case studies highlight how different UGI approaches—
ranging from large-scale tree planting to vertical greening systems—can contribute to cleaner, 
healthier urban environments when tailored to local contexts (Faeq, 2025). 

4.1 New York City, USA 

One of the most ambitious urban forestry efforts in the United States, the MillionTreesNYC 
initiative, was launched in 2007 as a partnership between the City of New York and the non-profit 
organization, New York Restoration Project. Over a period of eight years, more than one million 
trees were planted across the five boroughs. The increased canopy cover led to enhanced pollutant 
deposition, particularly in areas previously lacking in vegetation (Hastig & Sodhi, 2020). 
Studies conducted by the U.S. Forest Service and local universities indicated a notable decline in 
PM2.5 concentrations in neighborhoods with high tree density. Additionally, public health data 
revealed a reduction in asthma-related hospital visits, especially in low-income communities 
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where tree planting efforts were concentrated. The initiative not only improved air quality but also 
enhanced equity by targeting vulnerable populations (Queiroz et al., 2020). 

4.2 Beijing, China 

Beijing, long plagued by severe air pollution from vehicular emissions and industrial activity, has 
turned to UGI as part of its broader environmental management strategy. The city significantly 
expanded urban forest coverage and established green belts around industrial zones to act as natural 
buffers. These green belts consist of dense tree and shrub plantings designed to intercept airborne 
pollutants before they reach residential areas (Nader et al., 2024). Remote sensing and satellite 
imagery analysis have demonstrated that areas with increased vegetation showed localized 
reductions in PM10 and NO₂. While UGI alone cannot solve Beijing’s air pollution crisis, it plays 
an essential role in complementing policy interventions, such as emissions controls and vehicle 
restrictions (Tönnissen & Teuteberg, 2020). 

4.3 London, UK 

London’s approach to UGI is characterized by vertical greening and rooftop gardens. Through the 
efforts of the Green Infrastructure Task Force, the city incentivized the installation of green roofs 
and living walls on commercial and public buildings. These features provide year-round benefits 
by trapping particulates, lowering building temperatures, and improving stormwater absorption 
(Toyoda et al.,  2021). Evaluations conducted by Transport for London and King’s College London 
found that green infrastructure installations contributed to lower concentrations of NO₂ in densely 
trafficked corridors. Furthermore, these measures supported broader sustainability goals, including 
biodiversity enhancement and urban heat mitigation (Mirah, 2025). 
 
5. Design Considerations and Limitations 
 
While Urban Green Infrastructure (UGI) has demonstrated substantial benefits in improving air 
quality, its success largely hinges on strategic planning, design, and ongoing maintenance. Without 
thoughtful implementation, UGI can fall short of its environmental and social goals. Below are 
key factors that influence its effectiveness, along with some limitations that urban planners must 
consider (Wamba & Queiroz, 2020). 

Species Selection 

Not all plants contribute equally to air purification. Tree species like silver birch, maple, and linden 
have been shown to excel at capturing particulate matter and absorbing gaseous pollutants. 
Conversely, some species, such as oak and eucalyptus, emit biogenic volatile organic compounds 
(VOCs), which can react with nitrogen oxides (NOx) under sunlight to form ground-level ozone, 
thereby exacerbating air pollution rather than reducing it. Strategic selection based on local 
climate, air pollution type, and ecological compatibility is crucial to optimizing air quality benefits 
while minimizing unintended consequences (John, 2025). 

Maintenance and Health 
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UGI is not a one-time investment—it requires continuous care. Neglected vegetation may 
accumulate surface pollutants without dispersing them effectively, turning into pollutant 
reservoirs. Moreover, diseased or damaged plants not only lose their filtering capacity but can also 
pose safety hazards or trigger allergenic responses. Maintenance tasks such as pruning, irrigation, 
pest control, and seasonal replanting must be incorporated into municipal budgets and long-term 
infrastructure planning (Wamba et al.,  2020). 

Spatial Constraints 

In hyper-dense cities where space is at a premium, finding sufficient land for parks, forests, or 
large green corridors can be challenging (Shukur, 2023). However, innovative solutions such as 
green roofs, vertical gardens, modular planters, and pocket parks can circumvent spatial 
limitations. Integrating UGI into existing infrastructure—such as greening bus stops, rail 
corridors, and underutilized alleys—also offers scalable opportunities for improvement without 
major land acquisition (Shan, 2025). 

Equity of Access 

A critical limitation of many urban greening initiatives is the uneven distribution of benefits. 
Affluent neighborhoods often receive more investment in landscaping, street trees, and park 
enhancements, while low-income communities—frequently those most impacted by pollution—
remain underserved. This creates a green equity gap, where vulnerable populations are denied 
access to cleaner air and healthier living environments. Policymakers must prioritize 
environmental justice by ensuring that UGI planning is inclusive, data-informed, and community-
driven (Yiu, 2021). 
 
6. Policy and Planning Implications 
 
For Urban Green Infrastructure (UGI) to serve as an effective tool in improving air quality and 
enhancing urban resilience, it must be embedded within comprehensive policy frameworks and 
supported by cross-sector collaboration. Integrating green infrastructure into city planning requires 
coordination among urban planners, environmental scientists, public health professionals, 
policymakers, and community stakeholders. Strategic planning backed by informed policies can 
maximize UGI's benefits and ensure sustainable outcomes (Queiroz & Wamba, 2019). 

Incentives for Private Greening 

One of the most effective ways to expand UGI coverage in space-constrained cities is through 
private sector participation. Local governments can encourage building owners to implement green 
roofs, living walls, and backyard tree planting by offering tax incentives, grants, or expedited 
permitting processes. These incentives can reduce the financial burden on property owners and 
developers, thereby accelerating adoption. Cities like Toronto and Singapore have implemented 
such schemes with measurable success in expanding urban greenery (Macru, 2025). 

Zoning Regulations and Urban Development Policies 
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Integrating UGI into land-use planning and zoning regulations is crucial for long-term urban 
sustainability. Policymakers can mandate minimum green space requirements in new residential, 
commercial, and industrial developments. Additionally, green buffers or tree-lined streets can be 
required in infrastructure and road projects. Urban regeneration and redevelopment initiatives 
should prioritize the inclusion of accessible green spaces, particularly in underserved 
neighborhoods, to ensure equitable access and enhance environmental justice (Vincent, 2023). 

Public Awareness and Community Engagement 

The success of UGI initiatives also depends on community involvement and awareness. Public 
education campaigns should highlight the health, environmental, and economic benefits of green 
infrastructure, including improved air quality, reduced urban heat, and enhanced well-being. 
Schools, local councils, and NGOs can play an instrumental role in promoting tree planting, 
community gardening, and stewardship of urban parks. Engaging residents in the planning and 
maintenance of UGI fosters a sense of ownership and collective responsibility (Naveuler, 2025). 

Monitoring, Research, and Data Integration 

To optimize UGI planning, evidence-based decision-making is essential. Governments and 
academic institutions should invest in air quality monitoring systems, GIS-based analysis, and 
urban forestry mapping to assess the impact of green infrastructure in real time. Data collection 
allows for adaptive management, helping cities refine their strategies and measure progress toward 
environmental targets. Continued research into species selection, pollutant deposition rates, and 
social outcomes will ensure that UGI solutions remain effective and inclusive (Gaur & Gaiha, 
2020). 

7. Future Directions 

As climate change exacerbates urban pollution challenges, the role of Urban Green Infrastructure 
(UGI) will become increasingly central in designing sustainable and resilient cities. Rising 
temperatures, extreme weather events, and growing populations are placing unprecedented stress 
on urban environments, intensifying the need for nature-based solutions that can mitigate 
environmental harm while enhancing quality of life. In this context, UGI stands out as a cost-
effective, scalable, and multifunctional approach to improving air quality, reducing heat, and 
supporting public health (Subramanian et al.,  2023). 
Emerging innovations are set to amplify UGI’s potential. Bio-reactive building facades, for 
instance, can absorb pollutants and carbon dioxide while generating oxygen—turning buildings 
into living air purifiers. AI-powered urban forest management systems enable cities to monitor 
tree health, predict maintenance needs, and strategically plant vegetation where it can have the 
most impact. Meanwhile, integrated smart-city ecosystems can use real-time environmental data 
to dynamically adjust green infrastructure interventions, such as activating misting systems in 
green corridors or adjusting irrigation schedules to maximize pollutant absorption (Sadiq et al., 
2025). 
As these technologies mature, it becomes critical to bridge the gap between innovation and 
implementation. Future research must focus on quantifying the long-term health benefits of UGI, 
such as reductions in respiratory diseases, hospital admissions, and healthcare costs. Additionally, 
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economic analyses are needed to evaluate the cost-effectiveness of different UGI interventions, 
particularly in comparison to traditional grey infrastructure solutions. Understanding return on 
investment in terms of environmental, health, and social benefits will help cities justify and 
prioritize green investments (Sezer et al., 2021). 
Scalability and transferability are also key considerations for global application. Successful UGI 
models from one city must be adaptable to different climates, cultural contexts, and governance 
structures. International collaboration and knowledge-sharing networks can help cities—
especially those in low- and middle-income countries—leverage global best practices while 
tailoring strategies to local needs (Sermpinis & Sermpinis, 2018). In conclusion, Urban Green 
Infrastructure is not merely a beautification effort, but a cornerstone of environmental policy in 
the 21st century. Its ability to combat urban air pollution, promote health equity, and enhance urban 
resilience makes it indispensable in the face of accelerating climate change. By embracing 
innovation, supporting inclusive policy development, and investing in long-term research, cities 
can unlock the full potential of UGI and create cleaner, greener, and healthier futures for their 
inhabitants. 
 
Conclusion 
 
Urban Green Infrastructure (UGI) represents a vital, forward-thinking strategy for enhancing air 
quality in densely populated cities. As urbanization accelerates and environmental pressures 
mount, UGI offers a nature-based solution that balances ecological function with human well-
being. Far more than aesthetic landscaping, UGI operates as a living, dynamic filter—capturing 
harmful air pollutants, mitigating heat through microclimate regulation, and improving the overall 
quality of life for urban residents (Bayz, 2024). 
UGI systems—such as street trees, green roofs, vertical gardens, and urban parks—intercept 
pollutants like particulate matter (PM), nitrogen dioxide (NO₂), and sulfur dioxide (SO₂), many of 
which are linked to respiratory and cardiovascular diseases. By improving urban air quality, these 
systems directly support public health, reduce healthcare costs, and enhance environmental equity, 
particularly when implemented in underserved communities most affected by air pollution (Patel 
et al., 2025). 
Despite its demonstrated benefits, the widespread adoption of UGI is not without its challenges. 
Ongoing maintenance, including pruning, irrigation, and pest management, requires coordinated 
planning and dedicated resources. Spatial constraints, especially in high-density areas, necessitate 
creative design solutions like pocket parks and green walls. Furthermore, socio-economic 
disparities in green space distribution risk reinforcing environmental injustice unless equity is 
made a core priority in urban planning processes. 
However, when thoughtfully designed and inclusively implemented, the benefits of UGI far 
outweigh its limitations. Emerging technologies—from AI-powered tree monitoring to bio-
reactive building facades—are enhancing the effectiveness and efficiency of green infrastructure. 
Policy interventions, such as zoning reforms, green incentives, and public-private partnerships, are 
helping to scale UGI adoption and ensure broader access. For city planners, environmental 
regulators, public health officials, and community advocates, investing in UGI is more than a 
sustainability initiative—it is a commitment to healthier populations and more resilient urban 
ecosystems. In the face of intensifying climate change and worsening air quality, UGI stands as an 
essential pillar in building livable, breathable, and future-ready cities. Ultimately, by integrating 



OTS Canadian Journal 53 

UGI into long-term urban development strategies, cities can reduce pollution, strengthen social 
cohesion, and ensure a greener legacy for future generations. 
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