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Introduction

Urban climate is shaped by the complex interactions between 
built structures, human activities, and altered land surfaces, 
leading to modified thermal and atmospheric conditions in 
cities [1]. The replacement of natural vegetation with concrete, 
asphalt, and dense constructions disrupts the urban energy 
balance, resulting in heat retention, reduced evapotranspiration, 
and altered wind circulation, collectively driving the urban heat 
island effect [2]. This phenomenon amplifies thermal stress, 
deteriorates air quality, and increases the prevalence of heat-
related health issues, particularly in densely populated districts 
[3]. To address these challenges, urban climate governance has  

 
become a vital instrument, encompassing policies, strategies, and 
collaborative initiatives that integrate mitigation and adaptation 
measures [4]. In addition to formal governance, cities increasingly 
rely on community-driven projects, technological innovations, and 
experimental pilot programs to develop localized solutions [5]. A 
thorough understanding of these dynamics is essential for creating 
sustainable, adaptive, and climate-resilient urban environments 
that protect public health, enhance environmental quality, and 
promote long-term livability [6]. Green urbanization represents 
a transformative approach to city planning, emphasizing the 
integration of natural elements, sustainable practices, and 
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Abstract

Urbanization has profoundly altered local climates, air quality, and ecosystem integrity, intensifying environmental stressors such as urban 
heat islands, pollution, flooding, and biodiversity decline. Green infrastructure, particularly urban trees, parks, and vegetated surfaces, has 
emerged as a vital strategy to mitigate these impacts by providing ecological, social, and economic benefits. Nonetheless, urban trees are 
exposed to multiple biotic and abiotic stresses including soil compaction, nutrient limitations, drought, heat, air pollution, and inconsistent 
light conditions, which threaten their survival and the provision of ecosystem services. This review consolidates current knowledge on the role 
of urban trees and green infrastructure in climate change mitigation and adaptation. Peer-reviewed studies and case reports were analyzed to 
assess the physiological and morphological responses of urban trees to environmental stresses, their ecosystem functions, and socio-economic 
contributions. Adaptive management strategies such as species selection, soil improvement, irrigation, pruning, and community participation 
were evaluated for enhancing tree resilience and sustainability in densely built environments. Results indicate that strategically planned and 
well-maintained urban trees can significantly reduce urban heat, improve air quality, manage stormwater, support biodiversity, and enhance 
human well-being. Integrating adaptive management, innovative urban planning, and participatory approaches maximizes both ecological 
and socio-economic benefits while ensuring long-term resilience. Urban green infrastructure therefore serves as a multifunctional solution 
for sustainable, climate-responsive cities, emphasizing the critical importance of strategic urban forestry and green planning in addressing 
contemporary environmental challenges.
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climate-responsive strategies into urban landscapes [7]. Through 
the incorporation of parks, street trees, green roofs, and urban 
forests, cities can mitigate the urban heat island effect, improve 
air quality, manage stormwater, and support biodiversity while 
providing recreational spaces that enhance mental and physical 
well-being [8].

Beyond environmental advantages, green urbanization 
fosters economic benefits, including increased property values, 
reduced energy consumption, and long-term savings in urban 
management [9]. As climate change intensifies, urban green 
infrastructure serves as a key adaptation tool by cooling through 
shading and evapotranspiration, regulating water flows, and 
delivering ecosystem services such as carbon sequestration 
and pollution filtration [10]. Effective implementation requires 
interdisciplinary collaboration among planners, architects, 
ecologists, and communities, alongside technological integration 
for monitoring and efficiency [11]. By combining ecological, 
social, and economic functions, green urbanization promotes 
resilient, adaptive, and livable cities that balance human needs 
with environmental sustainability [12]. Urban trees are a critical 
component of city ecosystems, providing essential ecological, 
climatic, and social benefits while navigating the uniquely stressful 
urban environment [13]. Constrained rooting spaces, compacted 
and nutrient-poor soils, elevated temperatures, drought, irregular 
light exposure, air pollution, and mechanical damage challenge 
tree growth, physiology, and longevity [14]. Despite these stresses, 
urban trees perform crucial functions, including shading and 
cooling, improving air quality, intercepting rainfall, supporting 
biodiversity, and enhancing aesthetic and recreational value [15]. 
Their longevity and sensitivity to environmental changes also 
make them effective bio-indicators, reflecting air pollution, soil 
contamination, and climate stress over time [16]. Trees employ 
various adaptive strategies such as stomatal regulation, leaf 
orientation adjustments, root architecture modifications, and 
antioxidant production to cope with heat, drought, pollution, and 
light variability [17].

Sustainable urban forestry requires careful species selection, 
soil and water management, pollution mitigation, and continuous 
monitoring to maintain tree health, resilience, and ecosystem 
services [18]. Understanding these multifactorial stresses and 
adaptive mechanisms is critical for designing cities that are 
sustainable, resilient, and capable of leveraging the full ecological, 
climatic, and social potential of urban forests [19]. Urban trees 
are central to green urbanization, offering vital environmental, 
social, and economic benefits that directly mitigate climate 
change impacts and enhance urban resilience [20]. They reduce 
heat through shading and evapotranspiration, improve air 
quality by sequestering carbon and absorbing pollutants, manage 
stormwater, and prevent soil erosion, collectively supporting 
healthier and more sustainable cities [21]. Beyond ecological 
functions, urban trees provide social and psychological benefits, 
including recreational spaces, stress reduction, and improved 

community well-being, while also increasing property values and 
delivering measurable economic returns [22]. Future effectiveness 
relies on adaptive management strategies that account for 
climate change, urbanization pressures, and emerging stressors, 
emphasizing resilient species selection, proper propagation, 
acclimation, and long-term monitoring [23]. Integrating 
ecological knowledge with urban planning and active community 
engagement ensures the sustained delivery of ecosystem services 
and the development of livable, climate-resilient cities [24]. Urban 
trees thus represent indispensable elements of sustainable urban 
development, bridging ecological integrity, human well-being, and 
climate adaptation [25].

Urban Climate

Urban climate arises from the intricate interactions among 
built structures, human activities, and altered land surfaces, 
collectively modifying thermal and atmospheric conditions in 
cities. The replacement of natural vegetation with concrete, asphalt, 
and dense constructions disrupts the urban energy balance, 
leading to increased heat storage, reduced evapotranspiration, 
and altered wind patterns [26]. Solar radiation absorbed during 
the day is retained by urban materials and released as long-wave 
radiation at night, driving the urban heat island effect, where 
city temperatures often exceed those of surrounding rural areas 
[27]. This temperature differential is particularly pronounced at 
night and can intensify during heat waves or in highly compact 
urban districts [28]. Declines in relative humidity, modified 
airflow, and additional heat from vehicles, industries, and air-
conditioning exacerbate urban microclimatic stresses, adversely 
affecting thermal comfort, air quality, and public health, with 
heat-related illnesses becoming increasingly common [29]. 
Vulnerable populations, especially those without access to 
cooling infrastructure or green spaces, are disproportionately 
affected [30]. These challenges underscore the urgent need for 
urban design strategies that emphasize cooling, ventilation, and 
ecological integration. Understanding urban climate dynamics is 
therefore critical for developing adaptive, sustainable approaches 
that protect human well-being in an increasingly warming world. 
Urban climate governance has emerged as a pivotal framework for 
addressing climate change, recognizing that cities are both major 
contributors to and victims of global climatic shifts. Research 
over recent decades have highlighted how cities implement 
policies, strategies, and institutional mechanisms to manage 
emissions, enhance resilience, and integrate climate action into 
broader development agendas [31]. However, studies often focus 
on a limited set of economically advanced cities and emphasize 
mitigation over adaptation [32]. Furthermore, many analyses 
concentrate on municipal authorities, overlooking the growing 
role of private organizations, community groups, NGOs, and 
public-private collaborations in shaping urban climate initiatives 
[33]. Beyond formal policies, climate-related actions frequently 
arise organically within cities, encompassing pilot projects, 
innovative technologies, community resilience programs, and 
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other context-specific solutions under conditions of uncertainty 
[34]. Investigating these urban experiments expands our 
understanding of how cities adapt, innovate, and implement 
sustainable solutions [35]. A comprehensive perspective on 
urban climate action strengthens city systems’ capacity to learn, 
innovate, and transition toward more resilient, climate-adaptive 
futures.

Green Urbanization 

Green urbanization represents a forward-looking paradigm 
in urban planning, focusing on the integration of natural 
elements and sustainable practices into city landscapes. This 
approach emphasizes the development of green spaces, eco-
friendly infrastructure, and energy-efficient buildings to mitigate 
environmental pressures associated with urban growth [36]. 
Incorporating features such as green roofs, vertical gardens, 
parks, and urban forests can effectively reduce the urban heat 
island effect, improve air quality, and enhance stormwater 
management [37]. Furthermore, green urbanization supports 
biodiversity by creating habitats for various species, promoting 
ecological balance within metropolitan areas [38]. The adoption 
of renewable energy, sustainable building materials, and efficient 
waste management amplifies these environmental benefits, 
lowering carbon footprints and reducing overall ecological impact 
[39]. Socially, green urban areas contribute to improved mental 
and physical well-being by providing recreational opportunities, 
reducing stress, and fostering community interaction [40]. 
Economically, investments in sustainable urban design can 
enhance property values, lower energy costs, and yield long-term 
financial savings in urban management.

Successful implementation of green urbanization requires 
careful planning, innovative design, and collaboration across 
multiple disciplines. Urban planners, architects, ecologists, 
and policymakers must work together to ensure that green 
spaces, infrastructure, and transportation networks are 
interconnected and accessible [41]. Adaptive planning is 
essential to accommodate population growth, climate change, 
and evolving urban demands without compromising ecological 
integrity [42]. Public engagement plays a vital role, as community 
participation ensures the maintenance, resilience, and success of 
green initiatives. Technological integration, such as smart sensors 
for energy management, water conservation, and pollution 
monitoring, further enhances the efficiency and effectiveness 
of urban greening efforts [43]. Global case studies demonstrate 
that strategic investments in sustainable urban design led to 
measurable improvements in environmental quality, public 
health, and social cohesion [44]. Ultimately, green urbanization 
offers a holistic approach that balances ecological sustainability, 
economic efficiency, and human well-being, shaping cities that are 
resilient, adaptive, and conducive to high-quality urban living.

Role of Urban Green Infrastructure in Climate 
Change Adaptation

Urban green infrastructure is a fundamental strategy for 
enhancing microclimates and building resilience in rapidly 
warming cities. As urbanization replaces natural landscapes with 
heat-retaining surfaces, vegetation becomes a critical tool to 
mitigate rising temperatures through shading, evapotranspiration, 
and improved air circulation [45]. Parks, greenways, street trees, 
gardens, and vegetated roofs collectively form an interconnected 
urban green network that cools surrounding areas and reduces the 
intensity of the urban heat island effect [46]. These green elements 
provide multiple cooling mechanisms by lowering surface 
temperatures, increasing humidity through plant transpiration, 
and blocking direct solar radiation on buildings and pavements 
[47]. Larger parks create localized cool zones that extend cooling 
effects to nearby streets, particularly when urban designs 
facilitate airflow. Green roofs and façades act as thermal buffers 
for buildings, reducing indoor heat loads, decreasing reliance 
on mechanical cooling systems, and lowering associated energy 
consumption and emissions [48]. Trees with mature canopies 
maintain cooling benefits even during dry periods due to their 
longer moisture retention compared to grass or small plants. Such 
natural cooling enhances residents’ comfort during heat waves 
and mitigates heat-related health risks [49]. With the increasing 
frequency of extreme heat events, incorporating urban green 
spaces into city planning is essential for promoting environmental 
quality, public health, and climate resilience. Urban green 
infrastructure also plays a crucial role in addressing hydrological 
challenges, including heavy rainfall, storm surges, and urban 
flooding. Vegetated areas act as natural sponges, slowing runoff, 
enhancing infiltration, and supporting groundwater recharge, 
thereby alleviating pressure on overburdened drainage systems 
[50]. Wetlands, rain gardens, bioswales, permeable surfaces, and 
tree pits provide decentralized stormwater management, while 
vegetation intercepts rainfall on leaves and branches, allowing 
gradual evaporation rather than immediate runoff [51]. 

Integrating green and blue infrastructures, such as ponds, 
waterways, and floodable landscapes, transforms vulnerable 
zones into multifunctional adaptive spaces [52]. These systems 
not only reduce flood risks but also improve water quality 
by filtering pollutants before reaching rivers and lakes [53]. 
Properly maintained urban vegetation optimizes both cooling 
and stormwater management, offering dual benefits that enhance 
urban resilience to heat and hydrological extremes, positioning 
green infrastructure as a cornerstone of climate-responsive 
urban planning. Beyond environmental functions, urban green 
infrastructure significantly contributes to social well-being, 
economic development, and overall urban quality of life. Green 
spaces deliver ecosystem services including air purification, 
carbon sequestration, noise reduction, soil stabilization, habitat 
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provision, and biodiversity support [54]. Socially, parks, gardens, 
and green corridors facilitate recreation, relaxation, community 
interaction, and mental health benefits, reducing stress and 
fostering social cohesion [55]. Economically, well-designed 
green infrastructure can increase property values, attract 
investments, enhance visual appeal, and create jobs through 
landscape maintenance and ecological restoration [56]. The 
realization of these benefits requires careful planning to avoid 
potential trade-offs, such as obstructed ventilation, pollutant 
trapping, or allergenic plant selection [57]. Inclusive governance 
and stakeholder engagement are essential to evaluate benefits, 
costs, and long-term maintenance needs. By integrating green 
infrastructure into urban design, cities can achieve multifunctional, 
climate-adaptive, and socially inclusive spaces [58]. Urban green 
thus represents a critical adaptation strategy whose ecological, 
social, and economic benefits collectively strengthen resilience 
and advance sustainable, future-ready cities.

Urban Trees

Urban trees play a pivotal role in shaping city ecosystems, 
delivering a diverse array of ecological, social, and climatic 
benefits while adapting to highly variable and often stressful 

urban conditions (Figure 1). Urban environments encompass a 
spectrum of growth sites, from industrial areas and busy streets 
to parks, gardens, and suburban fringes, each presenting unique 
challenges and opportunities for tree development [59]. Trees in 
these settings are exposed to microclimatic variations, including 
elevated temperatures, reduced humidity, and altered wind 
patterns, all of which influence their physiology and long-term 
growth [60]. Structural constraints such as compacted pavements, 
dense buildings, and limited soil volumes exacerbate water and 
nutrient scarcity, making urban habitats fundamentally different 
from natural forests [61]. Despite these challenges, well-chosen 
and managed trees can moderate local microclimates by shading 
surfaces, reducing heat retention by asphalt and concrete, and 
enhancing air humidity through transpiration [62]. They also 
contribute to stormwater regulation by intercepting rainfall and 
reducing runoff while providing habitats that support urban 
biodiversity [63]. Consequently, urban trees serve as critical 
living infrastructure, offering both environmental regulation 
and aesthetic value, but their successful establishment requires 
careful planning and ongoing maintenance. Urban trees also 
function as key bio-indicators of environmental health, reflecting 
both anthropogenic pressures and long-term ecological changes. 

Figure 1: Influences on urban trees in comparison to forest trees [59].



How to cite this article:  Zeenat K, Daud K, Dilawar K. Urban Forests as Climate Shields: Advancing Green Infrastructure for Resilient Cities. JOJ 
Horticulture & Arboriculture, 6(1). 555680.  DOI:  10.19080/JOJHA.2025.06.555680005

JOJ Horticulture & Arboriculture 

Their longevity and growth patterns allow them to accumulate 
records of stress factors such as pollution, soil compaction, and 
drought in their wood and foliage [64]. Analyses of tree rings 
and the chemical composition of stems and leaves can reveal 
historical deposition of heavy metals, particulate matter, and 
other contaminants, facilitating the long-term monitoring of 
urban air quality [65]. Certain species, such as Betula pendula 
and Tipuana tipu, serve as particularly effective indicators due 
to their predictable responses to pollutants and environmental 
stressors [66]. Observing variations in shoot growth, leaf density, 
and nutrient content provides insights into localized impacts from 
traffic, industry, and climate variability [67]. This information 
guides the selection of resilient species for street planting, parks, 
and reforestation initiatives, reinforcing the role of urban trees as 
living archives that inform evidence-based planning and ecological 
interventions. The resilience and survival of urban trees are 
strongly influenced by physical, biological, and climatic stresses 
that are often more severe than those in natural ecosystems. Soil 
compaction, restricted rooting volumes, mechanical damage, and 
altered groundwater conditions compromise structural stability, 
increasing vulnerability to storms and extreme weather events 
[68]. Strategic species selection and root system management, 
favoring extensive lateral or sinker roots, can improve anchorage 
under urban disturbances. Trees also face biotic threats, including 
wood-decay fungi, pests, and pathogens, which are often 
intensified by environmental stress [69]. 

Fungal infections, for example, can weaken structural integrity, 
heightening susceptibility to windthrow [70]. Regular monitoring, 
appropriate pruning, and protection of soil and roots are therefore 
essential to maintain tree health, safety, and the continued 
provision of ecosystem services. Urban trees must additionally 
contend with climatic and physiological stressors, such as 
heat, drought, and irregular water availability, which are often 
intensified by the urban heat island effect. Elevated temperatures 
and restricted water access can limit canopy development, reduce 
photosynthetic efficiency, and alter leaf morphology [71]. Species-
specific tolerances dictate which trees thrive under particular 
urban conditions; for instance, deciduous maples and Platanus 
species show varying drought tolerance, whereas Acer platanoides 
adapts well to compacted soils and high evaporative demand 
[72]. Trees also employ biochemical and anatomical adaptations, 
such as modified stomatal density, increased leaf thickness, and 

altered terpene composition, to reduce water loss and mitigate 
pollutant uptake [73]. When carefully selected, properly planted, 
and diligently maintained, urban trees enhance microclimate 
regulation, support biodiversity, and improve human well-being, 
demonstrating that resilient urban forests are indispensable for 
sustainable and livable cities.

Factors and Stresses Affecting Trees in Urban 
Environments

Urban environments present a complex and challenging 
habitat for trees, exposing them to a combination of biotic and 
abiotic stressors that are often more severe than those encountered 
in natural ecosystems. The interaction of these stressors, such as 
altered soil conditions, air pollution, heat, drought, and irregular 
light availability, creates a dynamic and often harsh environment 
for tree growth and survival [74]. Urban trees are fixed in 
location, meaning they cannot migrate in response to changing 
conditions, which forces them to develop complex physiological 
and morphological adaptations to survive [75]. Unlike forests, 
where trees can benefit from shared microclimatic buffering and 
competition-based selection, urban trees are frequently isolated, 
planted in restrictive spaces, and subject to abrupt environmental 
changes [76]. Understanding the specific stress factors and 
mechanisms of adaptation is crucial for ensuring urban tree 
survival, maintaining ecosystem services, and promoting healthy 
urban landscapes [77]. Implementing effective strategies that 
mitigate these stresses requires a detailed understanding of 
how multiple stressors interact and affect tree physiology and 
structure. The table below provides an overview of the main 
stress categories affecting urban trees, highlighting the specific 
stress factors, their physiological and morphological effects, and 
the potential adaptive strategies that trees employ (Table 1). This 
summary emphasizes the multifactorial nature of urban tree 
stress and provides a framework for planning urban green spaces 
with improved resilience and sustainability [78]. By integrating 
soil management, irrigation planning, pollution mitigation, 
and careful species selection, urban planners and arborists can 
create conditions that optimize tree health and longevity despite 
environmental constraints [79]. A comprehensive approach to 
these factors can also enhance the broader benefits of urban trees, 
such as temperature regulation, air purification, and aesthetic 
value.

Table 1: Stress Factors Affecting Trees [74-79].

Category Stress Factor Effects on Trees Adaptive Mechanisms

Soil-related Compaction, nutrient deficiency, 
pollution

Reduced root growth, limited water uptake, 
reduced microbial activity, mineral imbalance

Deep or lateral roots, symbiosis with 
mycorrhiza, stress tolerance

Abiotic (Heat/
Drought) High temperature, drought, VPD Leaf damage, reduced photosynthesis, tissue 

necrosis, growth inhibition, carbon starvation
Stomatal regulation, leaf orientation, 
reduced transpiration, thick cuticle

Air-related Pollution, elevated tempera-
tures, VPD

Chlorophyll degradation, reduced water 
content, weakened resistance to pests and 

pathogens

Tolerant species, enhanced antioxidant 
mechanisms

Light-related Excessive light, shading, artificial 
night light

Photoinhibition, sunburn, altered bud burst, 
disrupted dormancy, increased water loss

Leaf orientation, shade tolerance, 
light-adapted photosynthesis
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Soil-related Stress

Urban soils frequently present a combination of compaction, 
nutrient deficiencies, contamination, and extreme temperature 
fluctuations, all of which severely limit tree growth and survival. 
Compaction caused by construction, foot traffic, and urban 
infrastructure reduces soil porosity, restricting root penetration 
and diminishing water and nutrient absorption [80]. Such 
conditions impair essential physiological processes, including 
photosynthesis, nutrient assimilation, and overall metabolic 
functioning. Compaction is especially detrimental during periods 
of drought, when roots cannot access deeper moisture reserves, 
leaving trees vulnerable to water stress [81]. Nutrient deficiencies 
in urban soils exacerbate the problem, causing reduced growth, 
lower leaf vitality, and compromised resilience to environmental 
stressors. Additionally, urban soils often contain pollutants such 
as heavy metals, salts from de-icing agents, and construction 
debris, all of which can inhibit root growth, disrupt cellular 
metabolism, and reduce microbial activity. High surface and 
subsurface temperatures, caused by impervious materials such 
as asphalt and concrete, further stress trees by damaging root 
tips, impairing enzyme activity, and reducing mineral uptake 
[82]. Some trees respond to these stresses by developing deeper 
or more lateral root systems, forming symbiotic relationships 
with mycorrhizal fungi, or adjusting physiological processes to 
conserve resources [83]. Despite these adaptations, urban soil 
conditions remain a primary limiting factor for tree health, and 
proper management practices are essential to ensure sufficient 
water, nutrient availability, and root space for long-term survival 
[84]. In conclusion, the challenges of urban soils highlight the 
necessity of integrating soil improvement, irrigation, and careful 
species selection in urban forestry practices.

Heat and Drought Stress

Heat and drought stress are critical challenges for urban trees, 
frequently occurring together and amplifying their respective 
negative effects on growth and physiology. Urban heat islands, 
caused by the accumulation of heat in buildings, asphalt, and other 
surfaces, elevate temperatures above natural levels, often resulting 
in tissue necrosis, enzyme denaturation, and impaired metabolic 
functions [85]. Drought stress, induced by reduced soil moisture 
and high evaporation rates, further limits tree performance by 
causing stomatal closure, which conserves water but reduces 
photosynthesis and disrupts the cooling effect of transpiration 
[86]. Prolonged exposure to these stresses can lead to leaf loss, 
reduced growth, weakened structural integrity, and increased 
susceptibility to pests and diseases.  Trees employ a combination of 
morphological and physiological strategies to cope with heat and 
drought, including reducing leaf surface area, thickening cuticles, 
reorienting leaves to minimize sun exposure, and extending root 
depth to access deeper water reserves [87]. Stomatal regulation 
and osmotic adjustments help maintain water balance, while 

energy is often allocated to tissue preservation rather than 
growth. Despite these adaptive mechanisms, the combination of 
heat and drought stress represents a severe constraint on urban 
tree survival, especially in younger or less resilient species [88]. 
Successful urban forestry must therefore incorporate irrigation 
strategies, heat mitigation measures, and careful species selection 
to ensure long-term vitality. In summary, heat and drought stress 
are the most influential abiotic factors in urban environments, 
shaping both tree physiology and the potential for sustainable 
green spaces.

Air-related Stress

Air quality in urban environments significantly influences tree 
health, as high temperatures, low humidity, and elevated levels 
of pollutants collectively impair tree physiology. Poor air quality 
reduces chlorophyll content, damages photosynthetic structures, 
limits water uptake, and weakens overall tree resistance to 
pathogens and herbivory [89]. Elevated vapor pressure deficit, 
caused by warmer urban air and lower humidity, accelerates 
water loss through transpiration, aggravating drought effects 
and reducing photosynthetic efficiency [90]. The combination 
of these stressors can lead to leaf wilting, growth inhibition, and 
even premature mortality in sensitive species. Pollutants such 
as particulate matter, heavy metals, and chemical residues from 
industrial and traffic sources accumulate in soil and plant tissues, 
creating oxidative stress and disrupting normal cellular processes. 
Trees exposed to persistent air pollution often exhibit stunted 
growth, reduced canopy density, and decreased reproductive 
potential [91]. Adaptive responses include the selection of 
pollution-tolerant species, increased production of antioxidants, 
and structural modifications to minimize pollutant uptake [92]. 
Effective management of urban air quality, along with planting 
strategies that consider species tolerance, is critical to mitigating 
these stress effects and sustaining tree health [93]. In conclusion, 
air-related stress in cities represents a complex and multi-
dimensional challenge, requiring integrated planning to ensure 
the longevity and functionality of urban forests.

Light-related Stress

Light conditions in urban environments are frequently 
irregular, ranging from excessive direct radiation to deep shading 
caused by high-rise buildings, resulting in significant stress for 
trees. High levels of reflected light can cause photoinhibition, 
sunburn, and damage to photosynthetic machinery, while limited 
light access reduces photosynthesis, slows growth, and disrupts 
leaf development [94]. Artificial nighttime lighting disrupts natural 
photoperiods, advancing bud burst, delaying leaf senescence, and 
altering phenological cycles, which can increase vulnerability to 
frost events and further stress [95]. These irregular light conditions 
can significantly compromise tree vitality, especially in species 
not adapted to urban microclimates. Trees respond to light stress 
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through morphological and physiological adaptations, including 
altering leaf orientation, adjusting photosynthetic efficiency, and 
developing shade tolerance. Species selection plays a crucial role 
in mitigating light stress, as shade-tolerant and photo tolerant 
trees can perform well in conditions that would otherwise limit 
growth [96]. By understanding the specific light conditions of 
urban sites and selecting species accordingly, urban planners can 
reduce stress, enhance photosynthetic efficiency, and maintain 
healthy urban tree populations [97]. Ultimately, managing both 
natural and artificial light exposure is essential to supporting tree 
health, promoting ecosystem services, and ensuring long-term 
sustainability in urban landscapes.

Effect of Green Urbanization on Climate change 
with future aspects

Urban trees play a critical role in mitigating the complex 
stressors associated with densely built environments, offering 
both environmental and socio-economic benefits that enhance 
urban living. Their presence in cities not only alleviates abiotic 
stresses such as heat, air pollution, and water runoff, but also 
positively impacts human health and well-being [98]. Trees 
regulate rainwater infiltration, reduce stormwater runoff, and 
limit soil erosion, creating more resilient urban landscapes. Their 
ability to absorb pollutants, sequester carbon dioxide, and produce 
oxygen directly contributes to improving air quality, while the 
shade and cooling effect of tree canopies reduce urban heat island 
intensity and lower energy consumption for air conditioning 
[99]. Furthermore, the aesthetic and cultural contributions of 
trees provide visual diversity, seasonal changes, and recreational 
opportunities that are vital for human psychological health 
[100]. Properly planned and sufficiently large tree plantings 
can transform urban spaces into more livable and sustainable 
environments, simultaneously supporting biodiversity and 
contributing to the ecosystem’s resilience [101]. In conclusion, 
urban trees are indispensable in creating functional, healthy, 
and environmentally balanced cities, and their presence directly 
enhances both ecological integrity and the quality of life for urban 
residents. 

The social and economic benefits of urban trees further 
underscore their importance, extending beyond environmental 
regulation to tangible improvements in human well-being and 
local economies. Trees provide cultural and aesthetic value, 
creating calming and restorative spaces that promote social 
interaction, recreational activities, and mental health recovery 
[102]. The visual variety offered by seasonal changes in leaves, 
flowers, and fruits enhances urban landscapes and fosters a 
sense of connection with nature, which is increasingly recognized 
as essential for reducing urban stress [103]. Studies indicate 
that higher tree density and green coverage are associated with 
reduced crime rates, lower stress levels, and improved health 
outcomes, including a decrease in cardiovascular diseases, obesity, 
and type 2 diabetes [104]. Economically, trees increase property 

values, reduce energy costs through shading and wind protection, 
and generate measurable savings through their ecosystem 
services, such as pollutant removal and water retention. Modeling 
studies demonstrate that even incremental increases in tree cover 
can significantly boost real estate prices and provide substantial 
financial benefits to city residents [105]. In summary, the social 
and economic contributions of urban trees are multifaceted and 
enduring, highlighting their critical role in fostering sustainable 
and resilient urban communities.

 Looking ahead, the future of urban trees depends on adaptive 
management strategies that integrate ecological knowledge 
with urban planning, considering both emerging environmental 
stressors and socio-economic challenges. Climate change, 
increasing urbanization, and population density intensify 
pressures such as heat waves, droughts, and flooding, which 
threaten tree survival and reduce their effectiveness in providing 
ecosystem services [106]. To maximize the benefits of urban 
forestry, it is essential to prioritize species selection based on 
resilience to urban stresses, bioaccumulation capacity, and 
compatibility with local environments, while also considering 
potential allergenic or volatile compound emissions [107]. 
Propagation methods, acclimation practices, and nursery quality 
must be improved to ensure healthy, long-living urban trees [108]. 
Long-term monitoring and data-driven management approaches 
are required to assess tree performance under dynamic 
urban conditions and guide optimal planting strategies [109]. 
Community awareness and involvement are equally critical, as 
public engagement enhances stewardship, reduces maintenance 
costs, and ensures the longevity of green infrastructure [110]. In 
conclusion, the sustainable management and strategic planning 
of urban trees are essential for preserving ecological balance, 
improving human well-being, and maintaining resilient cities in 
the face of future environmental and societal challenges.

Conclusion

Urbanization has transformed natural landscapes into 
densely built environments, resulting in significant alterations to 
local microclimates, hydrological cycles, air quality, and overall 
ecosystem functionality. These changes, compounded by climate 
change, expose cities to heightened heat stress, air pollution, 
flooding, and biodiversity loss. Green urbanization, particularly the 
strategic integration of urban trees and other green infrastructure, 
offers a multifaceted solution to these challenges, enhancing the 
resilience, sustainability, and livability of urban areas. Ecologically, 
urban trees and green spaces play a pivotal role in regulating 
microclimates through shading, evapotranspiration, and cooling 
effects that reduce the urban heat island phenomenon. They 
improve air quality by absorbing pollutants, sequestering carbon 
dioxide, and producing oxygen, thereby mitigating climate 
change impacts at a local scale. Urban vegetation also supports 
biodiversity by providing habitats for flora and fauna within 
otherwise hostile urban environments, contributing to ecological 
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balance and ecosystem service maintenance. Green infrastructure 
further enhances stormwater management, reducing runoff, 
limiting soil erosion, and facilitating groundwater recharge, which 
is particularly vital in the context of increased rainfall variability 
and flooding events due to climate change. Socially, urban green 
spaces contribute to mental and physical health, promoting stress 
reduction, recreation, and social cohesion. 

The aesthetic and cultural values of trees and parks enhance 
urban landscapes, offering seasonal visual diversity, recreational 
opportunities, and community gathering spaces that strengthen 
social interactions. Studies demonstrate correlations between 
higher green coverage and reductions in urban crime, improved 
cardiovascular and metabolic health outcomes, and enhanced 
overall quality of life, underlining the integral role of urban 
vegetation in human well-being. Economically, urban trees and 
green infrastructure generate tangible benefits by increasing 
property values, reducing energy consumption through shading 
and wind regulation, and lowering municipal costs associated with 
stormwater management and air pollution mitigation. Incremental 
improvements in tree density and green coverage have been 
shown to yield measurable financial advantages, highlighting 
the cost-effectiveness of investing in sustainable urban greening 
initiatives. The sustainability of urban trees depends on the careful 
management of environmental stressors inherent to cities. Urban 
trees face challenges such as soil compaction, nutrient deficiency, 
drought, heat stress, air pollution, and irregular light conditions. 
Adaptation strategies, including the selection of resilient and 
stress-tolerant species, soil remediation, efficient irrigation, 
pruning, and protection against pests and pathogens, are critical 
for maintaining tree health and ensuring the long-term delivery of 
ecosystem services. 

Additionally, urban trees serve as bio-indicators of 
environmental quality, enabling monitoring of air pollution, soil 
contamination, and climate-induced stressors, which can guide 
evidence-based urban planning and policy decisions. Looking 
forward, the integration of urban green infrastructure must be 
guided by adaptive, data-driven strategies that address the dual 
pressures of rapid urbanization and climate change. Prioritizing 
species with high resilience to urban stress, improving propagation 
and acclimation methods, leveraging smart technologies for 
energy, water, and pollution management, and incorporating 
public participation are essential for maximizing the functional 
benefits of urban green systems. Holistic planning that balances 
ecological, social, and economic considerations ensures that urban 
greening initiatives remain effective, resilient, and sustainable, 
even under future environmental uncertainties. Ultimately, urban 
trees and green infrastructure act as critical tools for climate 
change mitigation and adaptation, providing comprehensive 
ecological, social, and economic benefits. When thoughtfully 
implemented and managed, these green systems enhance urban 
resilience, support biodiversity, improve public health, and 
create sustainable, livable cities capable of withstanding the 

environmental and societal challenges of the 21st century. Their 
strategic incorporation into urban design represents not only an 
ecological necessity but also a foundational component of climate-
responsive, future-ready urban development.
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