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Abstract  Urban expansion has intensified the urban 

heat island (UHI) effect, exacerbating heat-related risks 

and energy demands. While urban vegetation, particularly 

trees, is recognized for its microclimate-regulating 

potential through shade and evapotranspiration, the 

specific roles of tree crown morphology and leaf area index 

(LAI) remain underexplored, with gaps in understanding 

species-specific interactions, climatic adaptability, and 

practical urban integration. This study analyzes how crown 

characteristics (size, shape, density, height) and LAI 

collectively influence microclimate regulation, offering 

actionable insights for urban planners. This research 

systematically evaluates 32 peer-reviewed sources and 

real-world applications by employing a qualitative 

synthesis of literature method of 21 studies and 11 case 

studies (2005–2024) from diverse climatic zones. Findings 

reveal that trees with expansive crowns and high LAI (>4) 

reduce ambient temperatures by 1.5–5°C, with dense 

canopies enhancing shading and evapotranspiration. 

However, challenges include measurement inaccuracies in 

crown morphology, spatial heterogeneity in LAI, and 

limited long-term data, particularly in tropical and arid 

regions. Practical implications emphasize strategic species 

selection (e.g., broad-canopy, high-LAI trees) and 

placement to optimize shading and airflow, alongside 

policy measures like mandatory greening in urban 

developments. The study’s originality lies in its integrative 

approach, bridging theoretical and empirical evidence to 

address UHI mitigation while advocating for 

human-centric, climate-responsive urban planning. By 

avoiding automated methodologies, this research 

underscores the need for community engagement and 

ethical, localized solutions to enhance urban livability and 

resilience. 

Keywords  Urban Trees, Crown Morphology, Urban 

Microclimate, Leaf Area Index, Urban Heat Islands 

1. Introduction

The rapid expansion of urban areas has transformed 

natural landscapes into built environments characterized 

by dense infrastructure and impervious surfaces such as 

concrete and asphalt [1]. This urban growth, marked by the 

expansion of city centres and urban sprawl, plays a major 

role in urban metabolism and climate change [2]. This 

transformation has given rise to urban heat islands (UHIs), 

where cities experience elevated temperatures compared to 

their rural surroundings [3], [4]. Urban areas are highly 

vulnerable to UHIs due to their high density of 

heat-absorbing materials and limited green spaces [5], [6]. 

Global temperatures are projected to rise by 1.5°C by 2050 

[7]. Urban zones are expected to face heightened risks of 

heat waves, posing significant threats to public health, 

energy consumption, and overall livability [8], [9]. In this 

context, the built environment in urban areas plays a dual 

role: it exacerbates UHIs through heat absorption and 

retention while offering opportunities for mitigation 

through the strategic integration of natural elements, 

particularly urban vegetation [10]. 

Urban vegetation, particularly trees, has emerged as a 

vital tool for regulating microclimates within urban 
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environments. Their ability to provide shade, reduce solar 

radiation, and enhance evapotranspiration makes them 

effective in cooling local air temperatures [11], [12]. The 

cooling potential of trees is determined mainly by their 

crown characteristics and leaf area index (LAI), which 

influence shading, transpiration, and overall microclimate 

regulation [13], [14]. Crown morphology—encompassing 

size, shape, density, and height—plays a critical role in 

modulating wind patterns, solar radiation interception, and 

humidity levels, particularly in urban settings where space 

constraints and building layouts impact tree placement and 

their effectiveness [15], [16]. Similarly, LAI, defined as the 

ratio of leaf area to ground area, is a key indicator of a tree's 

capacity to intercept sunlight and facilitate transpiration, 

thereby impacting local thermal conditions in urban 

neighborhoods [17], [18]. 

Despite the growing acknowledgment of trees' role in 

urban cooling, there remains a need for a deeper 

understanding of how specific tree traits, such as crown 

characteristics and LAI, interact with microclimatic 

variables in urban areas. While previous studies have 

demonstrated the cooling benefits of trees across diverse 

urban settings, the extent of these benefits varies 

significantly based on species, local climate conditions, 

and urban design [19], [20]. For example, trees with high 

LAI and expansive canopies have been shown to offer 

substantial daytime cooling in urban zones, but their 

effectiveness can be constrained by factors such as water 

availability, wind speed, and proximity to buildings [21], 

[22]. This paper explores the influence of tree crown 

characteristics and LAI on urban microclimates by 

mitigating UHIs within urban environments. This study 

aims to analyze the relationship between crown 

architecture and leaf area index (LAI) by synthesizing 

diverse scholarly works and case studies. The objective is 

to offer practical recommendations for urban planners and 

decision-makers to refine tree-planting approaches, thus 

enhancing green infrastructure in metropolitan 

environments. 

2. Methodology 

This study employs a ‘Qualitative Synthesis of 

Literature and Case Studies’ to investigate the role of 

tree crown characteristics and leaf area index (LAI) in 

regulating urban microclimates. This approach is ideal for 

interdisciplinary research, capturing diverse perspectives 

and contextual factors. A qualitative synthesis 

systematically reviews existing studies, identifying key 

themes, trends, and research gaps. Unlike statistical 

meta-analysis, it focuses on interpretative analysis, making 

it very effective for examining subjective and experiential 

aspects of urban development. Researchers such as 

Tranfield [23] and Dixon-Woods [24] emphasize its 

significance in policy and multidisciplinary studies. Case 

study analysis further validates theoretical insights by 

examining real-world applications. Flyvbjerg [25] and Yin 

[26] highlight its importance in understanding socio-spatial 

interactions and causal relationships. By combining both 

methods, this study ensures a comprehensive analysis, 

balancing theoretical depth with empirical evidence. 
The first component of the methodology focuses on 

reviewing and synthesizing existing research. Studies 

published over the past two decades, from 2005 to 2024, 

particularly those addressing urban microclimates, were 

prioritized. A total of 21 studies were reviewed in detail out 

of the 104 studies that were shortlisted after a skim review. 

These studies were selected based on their relevance to tree 

crown characteristics, LAI, and their impact on 

microclimate regulation. Sources included peer-reviewed 

journal articles, books, conference proceedings, and 

reports from reputable databases such as Scopus, Web of 

Science, and Google Scholar. Keywords like "urban trees," 

"crown morphology," “urban microclimate”, "leaf area 

index," and "urban heat islands" were used to identify 

pertinent literature. The second component involves the 

examination of 11 case studies to provide practical insights 

into the application of tree traits in urban microclimate 

regulation. 

The insights derived from the literature review and case 

study analysis were integrated to develop a holistic 

understanding of how tree crown characteristics and LAI 

influence urban microclimates. This synthesis explores the 

core ideas behind the topic while backing them up with 

real-world examples. The combined results informed the 

development of actionable recommendations for urban 

planning and landscape design, emphasizing the 

importance of incorporating tree traits into 

climate-responsive strategies. 

3. Analysis of Tree Morphology and 
LAI 

Urban trees significantly influence microclimates 

through their structural features, particularly crown 

morphology, as well as their physiological attributes, 

which include the leaf area index (LAI). This section 

examines how these traits influence local microclimates in 

different urban settings. 

3.1. Crown Size, Shape, and Height 

Tree crowns shape urban microclimates through their 

structural and functional characteristics [27]. The 

morphology of tree crowns, especially crown size, shape, 

and height, influences the amount of shade, wind 

regulation, and thermal buffering [28], [29]. Larger crowns 

provide more extensive shade, reducing solar radiation and 

surface temperatures [14], [30]. Additionally, the shape of 

the crown can affect wind flow, with broader crowns 
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potentially creating more turbulence and altering local 

wind patterns [31], [32]. Trees in urban environments often 

have different crown shapes compared to those in natural 

forests due to limited space and higher competition for 

light. Understanding these adaptations is crucial for 

selecting tree species that can thrive in urban settings and 

provide maximum ecological benefits [33]. Figure 1 

shows the crown characteristics of a single tree, while 

Figure 2 shows the diverse shapes of Tree Crowns and 

their tree species. The structure and appearance of tree 

crowns differ across various tree species and types [33]. 

The height of tree crowns plays a role in wind modification 

[34]. Taller crowns can intercept wind at higher levels, 

reducing wind speed at ground level and creating calmer 

conditions below. This can be particularly beneficial in 

urban areas where wind can exacerbate heat loss or gain 

[35], [36], [37]. Figure 3 shows the demonstration of 

crown height and diameter [38]. 

 

Figure 1.  Illustrations of Tree Crown Characteristics [31] 

 

Figure 2.  Diverse shapes of Tree Crowns and their species [39] 

 

Figure 3.  Tree height, Trunk height, Crown height, and Crown diameter 

[38] 

3.2. Crown Density, Porosity, and Volume 

Crown density and porosity balance shade and 

ventilation. Dense crowns with low porosity provide more 

shade but may restrict airflow, while more porous crowns 

allow for better ventilation. This is particularly important 

in warm, humid cities where high temperatures and 

humidity levels can lead to thermal discomfort [40]. Zhang 

and Gou [31] found that crown porosity had a less 

significant impact on microclimate compared to crown size, 

particularly during the leafy season when gaps in the crown 

are minimal. Crown Volume refers to the 

three-dimensional space occupied by the foliage and 

branches of a tree's canopy [41]. It is a key metric in 

forestry, urban planning, and ecology, as it quantifies the 

spatial extent of a tree's canopy, influencing factors such as 

shade provision, carbon sequestration, and habitat quality 

[42]. It also affects evapotranspiration and humidity. 

Larger crown volumes generally result in higher 

evapotranspiration rates, which can cool the surrounding 

air and increase humidity [35]. Figure 4 displays a visual 

representation of crown volume, while Figure 5 shows 

field measurement techniques to calculate the elliptical 

crown area, crown depth, height, and crown volume. The 

architecture of tree crowns, including branch angles and 

leaf orientation, also influences light interception and 

photosynthesis [43], [44]. This has been demonstrated in 

Figure 6. Trees with flatter branch angles and more 

horizontal leaf orientations are more efficient at capturing 

light, which enhances their growth and productivity. This 

is particularly important in dense urban forests where light 

availability is limited [35], [45]. 
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Figure 4.  The picture shows crown volume in blue [35] 

  

Figure 5.  Field measurement techniques to calculate the elliptical crown area, crown depth, height, and crown volume [46] 

 

Figure 6.  A simulated tree demonstrating (a) trunk traits, (b) crown architecture traits, and (c) leaf traits, BD = branch diameter; CBH = crown base 

height; DBH = diameter at breast height; and θ = insertion angle [43] 
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3.3. Seasonal Variation of Crown Cover 

The seasonal variation of crown cover, particularly in 

deciduous versus evergreen trees, influences microclimate 

regulation. Deciduous trees provide shade in the summer 

but allow sunlight to reach the ground in the winter, while 

evergreen trees provide year-round shade. This seasonal 

variation can be strategically used in urban planning to 

optimize thermal comfort throughout the year [31], [47]. 

Figures 7 and 8 show the incorrect and correct placement 

of trees. 

 

Figure 7.  The picture shows the incorrect placement of trees. Large 

evergreen trees close to the house on the southern side block winter 

sunlight. Planting large trees under utility lines often means mutilated 

trees 

 

Figure 8.  Picture showing the correct placement of trees. Large 

deciduous trees on the south, southwest, and west provide cooling shade 

in summer and don’t obstruct the low winter sun. An evergreen windbreak 

on the north blocks cold winter winds. Short flowering trees don’t clash 

with overhead utility lines 

3.4. Impact of Crown Characteristics on Microclimate 

Variables 

The characteristics of tree crowns, including their 

geometry, density, and structural properties, play a pivotal 

role in shaping microclimate conditions in urban and 

natural environments. Tree crowns significantly mitigate 

urban heat island (UHI) effects and enhance thermal 

comfort by influencing factors such as solar radiation, 

temperature, humidity, and air quality. This section (Table 

1) explores the multifaceted impact of crown 

characteristics on microclimate variables, emphasizing 

their role in shade provision, transpiration, carbon 

sequestration, rainfall interception, and microclimate 

creation. Understanding these dynamics is essential for 

optimizing urban green infrastructure and promoting 

sustainable urban development. 

The reviewed studies highlight the significant role of 

tree crown characteristics in regulating urban 

microclimates. Zhang and Gou [31] demonstrated that 

crown geometry, particularly the ratio of crown diameter to 

branching height (D/PH), correlates with mean radiant 

temperature (MRT) and thermal comfort. Their findings 

suggest that trees with larger crowns and lower branching 

heights are more effective at reducing MRT and improving 

thermal comfort in urban parks. 

Georgi [35] explored the impact of local neighborhood 

tree diversity on crown architecture and productivity in 

mature mixed-species forests. They found that increased 

species diversity in the local neighborhood led to larger 

crown dimensions and higher wood volumes, which 

enhanced the cooling effects of trees. The study also 

highlighted the importance of crown complementarity, 

where trees with different crown structures can coexist 

more efficiently, maximizing the use of available space and 

resources. 

3.5. Leaf Area Index (LAI) 

Leaf Area Index (LAI) is a dimensionless value that 

represents the total one-sided leaf area per unit of ground 

surface area [48]. It is a critical metric for understanding 

the density of foliage in a canopy and is widely used in 

ecological and climatological studies to quantify the leaf 

coverage of trees and vegetation. LAI is a key indicator of a 

tree's ability to intercept sunlight, regulate temperature, and 

influence local microclimates [31]. LAI can be measured 

using both direct and indirect methods. Direct methods 

involve destructive sampling, where leaves are collected 

and their area is calculated using tools like leaf area meters. 

However, this method is time-consuming and impractical 

for large-scale studies. Indirect methods, such as remote 

sensing and terrestrial laser scanning (TLS), are more 

commonly used. Remote sensing techniques, including 

satellite imagery and airborne LiDAR, provide large-scale 

LAI estimates, while TLS offers high-resolution, 

three-dimensional data for individual trees [49]. These 

advanced methods allow for accurate and non-invasive 

measurement of LAI, making them ideal for urban studies 

where tree crowns are often isolated and complex [35]. 
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Table 1.  Impact of Crown Characteristics on Microclimate Variables 

Crown Characteristics Impact on Microclimate Key Findings References 

Shade and Cooling Reduces solar radiation 

reaching the ground, 

lowering surface 

temperatures. 

Increasing the ratio of crown diameter to branching 

height (D/PH) from 0 to 8 can reduce mean radiant 

temperature (MRT) by ~15°C, improving thermal 

comfort in urban parks. 

Zhang & Gou (2020) 

Transpiration Releases water vapor, 

cooling the air and 

increasing humidity. 

Transpiration moderates temperature extremes, 

particularly in urban areas, by reducing ambient 

temperatures and enhancing thermal comfort. 

Zhang & Gou (2020) 

Carbon Sequestration Absorbs CO₂ and releases 

oxygen, reducing 

greenhouse gases. 

Larger and denser crowns have a greater capacity for 

carbon storage, contributing to climate regulation. 

Georgi et al. (2021) 

Rainfall Interception Intercepts rainfall, 

reducing runoff and 

promoting groundwater 

recharge. 

Crown density and porosity determine interception 

effectiveness. Denser crowns intercept more rainfall. 

For example, Aesculus turbinata has a higher 

interception rate than Ginkgo biloba due to higher LAI. 

Georgi et al. (2021); 

Yang et al. (2019) 

Microclimate Creation Influences light 

availability, temperature, 

and humidity, creating 

habitats for biodiversity. 

Crown volume and height shape microclimates, 

enhancing biodiversity and reducing UHI effects. Trees 

with high foliage density provide significant shading 

and cooling benefits. 

Georgi et al. (2021); 

Dissanayake et al. 

(2021) 

 

The Leaf Area Index (LAI) is a critical parameter in 

understanding the role of vegetation in shaping urban 

microclimates. As cities grapple with the escalating 

challenges of urban heat islands (UHI), air pollution, and 

climate change, the importance of LAI in regulating 

environmental conditions has gained significant attention. 

Trees with higher LAI values exhibit denser canopies, 

which enhance their capacity to intercept solar radiation, 

moderate temperatures, and improve air quality. The 

section below delves into the multifaceted role of LAI in 

urban microclimates, exploring its impact on shading, 

rainfall interception, evapotranspiration, air temperature 

reduction, carbon sequestration, and air quality 

improvement. Figure 9 shows the method of Leaf Area 

Index (LAI) estimation. 

 

Figure 9.  Picture showing Leaf Area Index estimation 

LAI plays a crucial role in shading and solar radiation 

interception. Trees with higher LAI values have denser 

canopies, which block more sunlight from reaching the 

ground. This shading effect reduces surface temperatures 

and mitigates the urban heat island (UHI) effect. For 

example, Zhang and Gou [31] found that trees with higher 

LAI values significantly reduced mean radiant temperature 

(MRT) in urban parks, improving thermal comfort for park 

visitors. Figure 10 shows the colours of solar radiation that 

are absorbed, reflected, and transmitted by the leaf. Trees 

with higher LAI also tend to have higher rainfall 

interception rates. For example, in a study of four street 

tree species in Seoul, South Korea, Aesculus turbinata had 

the highest LAI and showed the highest rainfall 

interception rate [49]. The spatial distribution of LAI 

within the crown also affects interception, with higher LAI 

typically found in the central sections of the crown [49]. 

LAI also impacts evapotranspiration, the process by which 

water is transferred from the soil and vegetation to the 

atmosphere. Trees with higher LAI values have more leaf 

surface area, which increases the rate of evapotranspiration. 

This process cools the surrounding air and increases 

humidity, creating a more comfortable microclimate. In 

urban areas, where impervious surfaces dominate, trees 

with high LAI can help restore natural water cycles and 

reduce the intensity of heat waves [49]. 

 

Figure 10.  Solar radiation that is absorbed (green), reflected (blue), and 

transmitted (yellow) by leaves [13] 
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The cooling effect of trees is closely linked to their LAI. 

Higher LAI values result in greater shading and 

evapotranspiration, both of which contribute to lower air 

temperatures. Studies have shown that urban areas with 

higher tree canopy coverage, and thus higher LAI, 

experience significantly lower daytime temperatures 

compared to areas with less vegetation [40]. This cooling 

effect is particularly important in warm, humid cities where 

high temperatures can negatively impact human health and 

energy consumption. LAI is also a key factor in carbon 

sequestration. Trees with higher LAI values have more 

photosynthetic tissue, enabling them to absorb more 

carbon dioxide (CO₂) from the atmosphere. This process 

not only helps mitigate climate change but also improves 

air quality by reducing the concentration of CO₂, a major 

greenhouse gas. Urban forests with high LAI values can 

thus play a significant role in carbon management and 

climate regulation [31]. It can improve air quality by 

intercepting particulate matter (pm) and other pollutants. 

The dense foliage of high-LAI trees acts as a filter, 

capturing pollutants on leaf surfaces and reducing their 

concentration in the air. This is particularly beneficial in 

urban areas, where air pollution is a major public health 

concern [40]. 

4. Combined Impact of Crown 
Structure and LAI on Urban 
Microclimate 

The combined influence of tree crown characteristics 

and Leaf Area Index (LAI) plays a pivotal role in 

enhancing urban microclimate by mitigating the urban heat 

island (UHI) effect. Crown structure, encompassing 

canopy width, height, and density, determines the amount 

of shade provided, while LAI—defined as the total 

one-sided leaf surface area per unit ground surface 

area—governs the extent of transpiration and 

evapotranspiration. Trees with both expansive crowns and 

high LAI exhibit a greater capacity for temperature 

regulation, as they offer simultaneous shading and cooling 

through evaporative processes. Several studies have 

demonstrated that species with dense foliage and wide 

crowns significantly lower surface temperatures in urban 

settings. For instance, Platanus acerifolia, known for its 

broad canopy and high LAI, has been associated with 

temperature reductions of up to 2–4°C in highly 

impervious areas [14]. This cooling effect is further 

amplified when both crown width and LAI are optimized, 

as the combined shading and evapotranspiration processes 

reduce heat absorption and enhance local air circulation 

[50]. Such findings underscore the importance of 

considering both morphological and physiological traits in 

urban tree selection. 

11 case studies were chosen from different climatic 

zones based on their relevance to the research topic, 

availability of data, and geographic diversity. Examples 

include urban parks, green streets, and residential areas 

with varying levels of tree cover. Data for these case 

studies were drawn from published reports, municipal 

records, and field studies, with a focus on metrics such as 

temperature reduction, canopy coverage, and LAI values. 

These case studies were evaluated to understand the 

relationship between tree characteristics and microclimate 

outcomes. Table 2 explores case studies showing the 

combined effect of crown morphology and LAI on Urban 

Microclimate. 

Case studies highlight that tree species with a high Leaf 

Area Index (LAI > 4) consistently reduce urban 

temperatures by 1.5–5°C, with denser canopies offering 

greater cooling (e.g., Singapore’s rainforest trees, New 

York’s Sugar Maple). Urban settings amplify cooling 

benefits, especially in impervious areas, as seen in Sydney 

and Fuzhou, where high-LAI species significantly reduced 

heat. These findings emphasize the importance of 

climate-based species selection and urban integration for 

optimal microclimate regulation. 

Urban trees play a pivotal role in modulating 

microclimates, with their crown structures and Leaf Area 

Index (LAI) being significant determinants of their cooling 

efficacy. Variations in these attributes across different 

climatic regions influence the extent of microclimate 

regulation. Table 3 summarizes how different crown 

structures and LAI values impact microclimate regulation 

in various climatic regions. 

In conclusion, the strategic selection and placement of 

tree species with favorable crown structures and high LAI 

values are essential for enhancing urban microclimates 

across diverse climatic regions. 

Selecting tree species that optimize both crown 

characteristics and LAI is also crucial for maximizing 

urban cooling benefits. Ideal species for urban cooling 

should possess a broad canopy, high leaf density, and 

elevated transpiration capacity. Some of the examples 

include Platanus acerifolia, Quercus robur (English Oak), 

and Tilia cordata (Small-Leaved Lime), all of which 

combine large crown widths with high LAI [14], [51]. 

Species with broad crowns, such as Platanus spp. and 

Ficus benjamina, are particularly effective due to their 

ability to provide extensive shading and high 

evapotranspiration rates [31]. These species, when planted 

in urban parks and streets, can significantly reduce air 

temperatures and improve thermal comfort for residents. 

However, it is necessary to balance LAI with crown 

porosity to ensure adequate airflow and prevent excessive 

humidity, which can negatively impact thermal comfort. 

Moreover, the strategic placement of trees with varying 

crown morphologies can enhance microclimate regulation. 

Clustering high-LAI species along pedestrian pathways or 

in open spaces can improve thermal comfort, while 

lower-canopy species with moderate LAI may be better 
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suited for narrow streets to balance shading and air 

circulation. Future research should further explore 

species-specific interactions and develop comprehensive 

guidelines for urban tree management based on local 

climatic conditions. 

Table 2.  Case Studies on the Synergistic Relationship Between Crown Morphology and LAI 

Location Climatic Zone Key Findings Impact on Microclimate References 

New York, USA Temperate 

(Humid 

Continental) 

Broadleaf species (e.g., Sugar Maple) with high LAI 

(5.2–6.8) showed greater cooling effects due to dense 

canopy structure. 

Reduced urban heat by 2–

4°C in shaded areas. 

Nowak et al. 

(2013) 

Melbourne, 

Australia 

Temperate 

(Oceanic) 

Eucalyptus species with high LAI (4–6) improved 

microclimate but required water management. 

2–3°C reduction in peak 

summer heat. 

Livesley et al. 

(2016) 

Berlin, Germany Temperate 

(Oceanic) 

Urban oaks (Quercus robur) with high LAI (4.5–5.5) 

improved air quality and shade efficiency. 

Lowered surface temps by 

1.5–3°C in summer. 

Gillner et al. 

(2015) 

Singapore Tropical Rainforest trees with multi-layered canopies (LAI 6–

9) enhanced evapotranspiration, lowering ambient 

temperatures. 

3–5°C reduction in 

street-level heat. 

Wong & Yu 

(2005) 

Nairobi, Kenya Tropical Acacia spp. (LAI 2.8–4.3) provided moderate shade 

but excelled in drought resilience. 

Lowered temps by 1.5–

3°C in semi-arid zones. 

Muiru & 

Kiyiapi (2017) 

Delhi, India 

(Indian 

Subcontinent) 

Tropical 

Savanna 

Neem (Azadirachta indica) and Ashok (Polyalthia 

longifolia) with LAI 3.5–5.2 provided effective shade 

but required irrigation. 

Reduced heat stress by 2–

4°C near roads. 

Nagendra & 

Gopal (2010) 

Fuzhou, China Humid 

Subtropical 

Climate 

Trees with larger crown diameters and higher LAI 

reduced ambient temperatures by 1.5–3.0°C and 

increased relative humidity by up to 6% in residential 

areas. 

Significant cooling and 

humidity regulation in 

urban residential zones. 

Ren et al. 

(2022) 

Sydney, Australia Humid 

Subtropical 

Climate 

A study of 470 individual trees revealed that higher 

LAI correlated with greater cooling effects, especially 

in areas with high impervious surface coverage. 

Enhanced cooling in urban 

areas dominated by 

impervious surfaces. 

Livesley et al. 

(2016) 

Subtropical 

Urban Parks, 

China 

Subtropical Trees with high D/PH ratio and dense foliage (high 

LAI) reduced mean radiant temperature (MRT) by up 

to 15°C on hot summer days. Species like 

Cinnamomum parthenoxylon and Ficus benjamina 

were particularly effective. 

Improved thermal comfort 

and reduced heat stress in 

urban parks. 

Zhang & Gou 

(2020) 

Barcelona, Spain Mediterranean Pinus halepensis (LAI 3.8–4.7) showed lower 

transpiration but still contributed to cooling via shade. 

1–2.5°C cooling in arid 

zones. 

Salmond et al. 

(2016) 

Adelaide, 

Australia 

Mediterranean Trees with larger crown diameters and higher LAI 

values contributed to a more significant reduction in 

MRT compared to trees with smaller crowns and 

lower LAI. 

Maximized cooling 

benefits in mixed suburban 

developments. 

Thom et al. 

(2016) 

Table 3.  Influence of Crown Structures and LAI on Microclimate Regulation in Climatic Regions 

Climatic Region Crown Structure Characteristics LAI Range Microclimate Regulation Impact 

Temperate Dense, broad canopies High (e.g., Platanus 

× hispanica) 

Significant surface and air temperature reduction; 

enhanced human thermal comfort. 

Continental Variable canopy density Moderate to High Moderate cooling effects are influenced by 

species-specific traits and local urban design. 

Tropical Multi-layered, dense canopies Very High Effective in reducing air and soil temperatures and 

maintaining higher humidity levels. 

Arid Sparse canopies Low to Moderate Limited shading and cooling; selection of species with 

higher LAI can improve microclimate regulation. 
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5. Discussion 

This discussion section synthesizes the key findings of 

the study, highlighting the impact of tree crown 

characteristics and leaf area index (LAI) on urban 

microclimates. The findings are presented in a tabular 

format under Table 4 to ensure clarity and to facilitate a 

structured analysis of how different tree traits contribute to 

mitigating urban heat islands (UHI) and enhancing thermal 

comfort in urban areas. Some common inferences drawn 

from the Case Studies underscore the need for species 

selection based on local climate and urban design 

integration to maximize microclimate regulation, and they 

are mentioned below. 

● Tree Species with High LAI Consistently Mitigate 

Urban Heat: Across diverse climates (temperate, 

tropical, Mediterranean), species with higher Leaf 

Area Index (LAI > 4) reduced ambient temperatures 

by 1.5–5°C, demonstrating the critical role of dense 

canopies in urban cooling. Singapore’s multi-layered 

rainforest trees (LAI 6–9) lowered street heat by 3–

5°C, while New York’s Sugar Maple (LAI 5.2–6.8) 

reduced temperatures by 2–4°C. 

● Climate-Specific Adaptations Influence Tree 

Performance: Drought resilience was vital in 

arid/semi-arid zones (e.g., Acacia in Nairobi, Pinus in 

Barcelona), whereas high transpiration species 

excelled in humid regions (e.g., Eucalyptus in 

Melbourne, rainforest trees in Singapore). Irrigation 

needs were higher for broadleaf species in 

water-scarce regions (e.g., Neem in Delhi, Platanus 

in Adelaide). 

● Urban Context Amplifies Cooling Benefits: Trees 

with large crown diameters and high LAI had a 

greater impact in impervious areas (e.g., Sydney’s 

study showed enhanced cooling near pavements). 

Subtropical parks (Fuzhou, China) saw 15°C 

reductions in radiant heat with high-LAI species, 

proving their role in improving human thermal 

comfort. 

The accurate measurement of tree crown morphology 

and Leaf Area Index (LAI) is critical for urban 

microclimate regulation, but significant challenges persist. 

The irregular geometry of tree crowns complicates volume 

and density measurements, often leading to inaccuracies 

with traditional techniques [52], [53]. While indirect 

methods like hemispherical photography offer 

non-destructive LAI estimation, they struggle with dense 

canopies due to leaf clumping and overlapping, skewing 

results [54]. Spatial heterogeneity further complicates LAI 

measurements, as uneven leaf distribution across species 

demands larger sample sizes to ensure representativeness 

[55]. Geographically, research biases toward temperate 

regions limit data diversity, hindering the development of 

universal models for urban microclimate planning. 

Species-specific crown traits and LAI variations also 

remain understudied in localized climates, restricting 

tailored solutions. Short-term studies fail to capture 

temporal dynamics, such as seasonal canopy changes or 

long-term growth patterns, while the impacts of climate 

change and urbanization on tree morphology demand 

longitudinal research to inform adaptive strategies. Despite 

the proven role of trees in mitigating urban heat islands 

(UHIs), practical barriers like space constraints, competing 

land uses, and maintenance costs impede green 

infrastructure adoption [56]. Policy interventions—such as 

mandatory tree planting in new developments and 

incentives for retrofitting—can overcome these hurdles 

[57], but their success hinges on addressing these research 

gaps through targeted, long-term studies. 

Table 4.  Microclimate Regulation Through Tree Crown Structure and LAI: Key Insights 

Key Aspect Findings Implications 

Tree Crown 

Characteristics and 

Urban Cooling 

● Tree crown morphology (size, shape, density, and height) 

significantly impacts urban microclimates by providing 

shade, modulating wind patterns, and influencing 

humidity levels. 

● Larger and denser tree crowns reduce solar radiation, 

thereby lowering mean radiant temperature (MRT) by up 

to 15°C in urban parks. 

● Proper selection and placement of tree 

species with broad canopies and high leaf 

density can enhance thermal comfort in 

urban areas. 

● Urban planning strategies should prioritize 

species with high shading capacity. 

Leaf Area Index 

(LAI) and 

Microclimate 

Regulation 

● LAI, which represents the leaf surface area relative to 

ground area, determines a tree's capacity to intercept 

sunlight and promote evapotranspiration. 

● Higher LAI values are associated with greater temperature 

reductions and increased humidity levels. 

● Trees with high LAI should be 

incorporated into urban green spaces to 

maximize cooling effects. 

● A balance between LAI and crown 

porosity is necessary to maintain adequate 

air circulation. 

Combined Impact of 

Crown Structure 

and LAI 

● Studies demonstrate that tree species with both expansive 

crowns and high LAI provide the most effective cooling. 

For example, Platanus acerifolia can reduce temperatures 

by up to 4°C in highly impervious urban areas. 

● Urban greening initiatives should focus on 

selecting tree species that optimize both 

morphological and physiological traits for 

enhanced microclimate regulation. 
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These challenges underscore the need for strategies and 

policy reformation. To enhance urban cooling, planting 

trees with dense foliage and broad canopies should be 

prioritized as they improve shade and evapotranspiration. 

Urban planners should integrate trees into high-heat and 

high-density zones to mitigate the Urban Heat Island (UHI) 

effect. Optimal placement—along streets, in open spaces, 

and near buildings—ensures maximum shade while 

maintaining proper airflow. Selecting species with wide 

canopies and high transpiration rates, such as London 

Plane and English Oak, also maximizes cooling efficiency. 

A mix of evergreen and deciduous trees ensures year-round 

benefits while preserving ventilation. Placement should 

account for local wind patterns, sunlight exposure, and 

urban infrastructure to enhance effectiveness. Advanced 

tools like LiDAR and remote sensing enable precise 

canopy analysis, aiding data-driven urban planning [58]. 

Digital platforms can help planners select species based on 

microclimate needs. Community-based monitoring 

programs [59], including citizen science initiatives, can 

further support urban forestry efforts. 

Governments should mandate tree planting in new 

developments and incentivize green upgrades in older 

areas. Incentives for property owners who maintain trees 

can boost urban greenery. Additionally, standardized 

pruning guidelines should ensure that canopy density and 

shading efficiency are preserved over time. Community 

engagement and awareness through the government and 

NGO’s can be of great benefit. Public education on the 

benefits of urban trees—thermal regulation, air purification, 

and energy savings—can drive community support. Local 

tree-planting campaigns foster environmental stewardship, 

while awareness programs highlight how canopy cover 

reduces energy consumption, promoting long-term 

sustainability. 

Hence, future research should prioritize long-term 

monitoring of urban tree impacts, focusing on how tree 

crown structures and Leaf Area Index (LAI) influence 

urban microclimates over extended periods. Seasonal 

variations in tree cooling efficiency must also be examined 

to understand their role in enhancing thermal comfort. 

Predictive models that combine climatic, geographic, and 

species-specific data should be developed to guide urban 

forestry decisions, avoiding reliance on automated systems 

like machine learning to ensure human-driven, ethical 

approaches. Comparative studies are needed to analyze the 

cooling effects of tree canopies across diverse urban 

settings, such as high-rise districts versus low-density 

neighborhoods, and to explore how tree shading interacts 

with urban materials like concrete, asphalt, and green roofs. 

Additionally, research should focus on enhancing tree 

resilience to climate change by identifying 

drought-resistant species that maintain high LAI and 

cooling potential in arid regions while assessing the effects 

of pollution on tree health and cooling effectiveness. 

Finally, studies should investigate human perceptions of 

shaded areas and how tree placement influences outdoor 

activities and social interactions, ensuring that urban 

greening strategies are rooted in community needs and 

experiences. 

6. Conclusions 

In conclusion, this study underscores the critical role of 

tree crown characteristics and Leaf Area Index (LAI) in 

mitigating urban heat islands (UHIs) and enhancing 

thermal comfort. By synthesizing existing literature and 

analyzing real-world case studies, the research highlights 

how trees with expansive crowns and high LAI values 

significantly reduce surface and air temperatures through 

shading and evapotranspiration. Strategic urban greening, 

informed by species-specific traits and localized climatic 

conditions, emerges as a vital tool for sustainable urban 

development. However, challenges such as accurate 

measurement of crown morphology, spatial heterogeneity, 

and limited long-term data across diverse climatic zones 

remain. Addressing these gaps requires human-driven, 

ethical research approaches that prioritize community 

engagement and avoid over-reliance on automated systems 

like AI. Future studies should focus on long-term 

monitoring, species resilience to climate change, and the 

socio-cultural impacts of urban trees. By integrating these 

insights into urban planning, cities can foster healthier, 

more livable environments while combating the escalating 

challenges of urbanization and climate change. This paper 

advocates for a balanced, community-centered approach to 

urban forestry, ensuring that green infrastructure remains 

accessible, effective, and rooted in human well-being. 
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