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A B S T R A C T

Green infrastructure measures such as street tree planting and ground surface greening effectively mitigate urban 
heat. As heat stress intensifies, identifying effective spatial arrangements of these interventions becomes 
increasingly important. To provide actionable guidance for real-world projects, practical design and resource 
constraints must also be considered. However, studies that systematically balance cooling effectiveness with 
practical applicability remain limited. This study develops design guidelines on the size, amount, and spatial 
distribution of street trees and grass in urban neighbourhoods, focusing on applicability in urban design practice. 
Four neighbourhood typologies in temperate-climate European cities were used as case examples, for which 
multiple greening scenarios were generated. A research-through-design approach was adopted: focus group 
workshops with practitioners evaluated the scenarios in terms of visual experience, functionality, cost, and 
maintenance; then the refined designs were assessed using ENVI-met simulations. The refined scenarios reduced 
mean PET by 1.07–7.89 ◦C compared with the no-greening reference case, with the strongest reductions in wide- 
street typologies. However, greater green coverage did not necessarily lead to stronger cooling: in a narrow-street 
typology with diagonal street orientations, the tree-only scenario reduced mean PET by 1.79 ◦C, while the 
tree–grass scenario with higher tree and grass coverage reduced mean PET by 1.33 ◦C. For each typology, two 
recommended scenarios are identified: one maximising cooling capacity and one prioritising cooling efficiency 
under space and resource constraints. By translating thermally ranked scenarios into practitioner-refined 
greening guidelines, this study provides design support for neighbourhood-scale, morphology-specific heat 
mitigation through the strategic spatial arrangement of street trees and grass.

1. Introduction

1.1. Urban neighbourhood cooling using greening strategies

Urban heat has intensified over the past decade due to global climate 
change, increasing risks for cities worldwide (Kearl & Vogel, 2023; 
Tollefson, 2023). Urban designers, planners, and landscape architects 
(hereinafter referred to as "practitioners") are actively implementing 
green infrastructure, such as street trees and greening of ground sur
faces, to mitigate urban heat. Green infrastructure plays a pivotal role in 
adaptation policy interventions by enhancing adaptation and 

minimizing maladaptation (Kim et al., 2025). Street trees can signifi
cantly improve thermal sensation by blocking solar radiation and 
increasing evapotranspiration, which reduces air temperature 
(Taleghani, 2018). Greening of ground surfaces such as introducing 
lawns, meadows, beds with perennials or flowers, or low shrubs (here
inafter referred to as 'grass') in the streets, can decrease the albedo, in
crease the evapotranspiration, and thus cool surfaces (Armson et al., 
2012; Lobaccaro & Acero, 2015). Additionally, street trees and grass 
provide important environmental and social benefits to residents (Roe & 
McCay, 2021).

Current studies have started to explore the effective designs of street 
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trees and grass to enhance overall thermal sensation, yet few studies 
have developed comprehensive design guidelines that consider the 
amount and distribution of green measures at the neighbourhood level. 
Previous studies on street trees and grass either focused on providing 
design scenarios at the street level (Aboelata, 2020; Bartesaghi-Koc 
et al., 2021; Cui et al., 2023; Ojha & Mukherjee, 2024) or addressed 
the neighbourhood level by concentrating solely on overall greening 
quantity without offering specific design scenarios (Ouyang et al., 2020; 
Ziter et al., 2019).

Moreover, the impact of neighbourhood morphology on thermal 
sensation is an important factor in making street greening design de
cisions (Li et al., 2024; Yin et al., 2019). Neighbourhoods are complex 
combinations of different street orientations and Height-to-Width ratios 
(Wu et al., 2022), and it is therefore essential to take local spatial con
ditions into account when providing actionable guidance to practi
tioners to inform them about the design of street trees and grass within a 
neighbourhood for better microclimate considerations (Graça et al., 
2022; Lobaccaro & Acero, 2015).

However, it remains unclear how greening strategies should be 
adapted and prioritised across different morphological contexts. Wu 
et al. (2025) developed design scenarios of different amounts and dis
tributions of street trees and grass in four different neighbourhood types. 
Yet, given the limited space available for implementing greening in 
densely populated urban areas, it remains unclear how greening re
sources should be spatially prioritised across streets with different 
widths, orientations, and functional constraints within neighbourhoods.

1.2. From cooling effectiveness to practical applicability

Prioritising greening design strategies often involves responding to 
real-world constraints (Klemm et al., 2017). However, few studies have 
translated climate-based design knowledge into actionable guidelines 
that balance cooling effectiveness with real-world feasibility. The chal
lenge for local governments is not only what cools, but what can be 
implemented and maintained within limited resources. According to 
Cortesão et al. (2020), visual experience, functionality, costs, and 
maintenance are also factors that influence decision-making in urban 
design practice. These factors are related to the spatial design of in
terventions involving street trees and grass, thereby also likely to in
fluence their thermal effects. It is therefore crucial to add these factors 
into the design of street trees and grass when considering cooling to offer 
more practical guidance and recommendations.

Urban greening for heat mitigation is therefore not only a question of 
identifying which spatial configurations cool most effectively, but also 
of translating climate evidence into design options that can be imple
mented, maintained, and prioritised under local conditions. Nature- 
based solutions research emphasises that urban climate adaptation re
quires stronger links between science, policy, and practice communities 
to support evidence-based decision-making (Frantzeskaki, 2019). 
Existing urban climate design studies have linked microclimate simu
lation and design practice in different ways: some test 
researcher-defined design scenarios in ENVI-met (Aboelata, 2020; 
Banerjee et al., 2024; Darbani et al., 2023), while others involve de
signers or planners in scenario generation before simulation (Lenzholzer 
et al., 2012).

In design disciplines, research-through-design (RTD) provides a way 
to generate knowledge through iterative design processes, spatial 
experimentation, and reflective evaluation (Lenzholzer et al., 2013; 
Shen & Lin, 2019; Cortesão & Lenzholzer, 2022). RTD can lead to 
actionable design guidelines through the involvement of design practi
tioners (Cortesão & Lenzholzer, 2022). This approach is a 
question-driven, iterative process in which design activities are contin
uously evaluated, refined, and further developed based on study, 
observation, and analysis (Lenzholzer et al., 2013). Lotfata et al. (2024)
used the RTD approach to examine cooling strategies for different 
streetscape designs, where experts assessed design prototypes across 

seven feasibility criteria in an RTD process, followed by interdisciplinary 
discussion to identify aspects requiring improvement in the next itera
tion. Cortesão et al. (2020) applied the RTD approach, engaging de
signers in evaluating various design solutions to address visual 
experience, functionality, cost and maintenance for water bodies. This 
approach facilitated the creation of design guidelines that effectively 
balance scientific and practical considerations.

1.3. Applicability criteria for practitioner assessment

The applicability of urban greening strategies for cooling refers to 
whether a strategy can be realistically integrated into urban design 
practice. Four applicability criteria are particularly relevant: visual 
experience, functionality, cost, and maintenance. These criteria provide 
a conceptual basis for involving practitioners in the RTD process, help
ing to identify where thermally promising scenarios may require spatial 
refinement before they can become usable design guidelines. 

1) Visual experience is a primary criterion for assessing streetscape 
quality in urban design, referring to how visual aspects of the envi
ronment influence user perception. It can be understood through two 
key spatial dimensions: openness in the street and visibility of 
greenery from home. These aspects shape how people perceive and 
relate to their immediate surroundings and have been widely rec
ognised as important in urban design practice (Fang et al., 2024). 
Openness describes the degree of spatial freedom or enclosure 
experienced at pedestrian level, shaped by street height-to-width 
ratio and vegetation arrangement (Asgarzadeh et al., 2012; Ewing 
& Handy, 2009). High-canopy trees can maintain openness while 
providing shade, whereas smaller or denser trees may obstruct views 
and create visual barriers (Arnold, 1993; Hu et al., 2022). Visibility 
from home refers to the extent to which green elements are visible 
from residential windows, contributing to perceived naturalness, 
aesthetic appreciation, and well-being (Ewing & Handy, 2009; 
Konijnendijk, 2023). These visual dimensions are also related to 
microclimatic performance, as vegetation configuration affects ra
diation exposure, airflow, and shading conditions (Ng et al., 2015; 
Zhu et al., 2024).

2) Functionality in urban design refers to ensuring that a space is fit for 
its intended use, addressing both physical and social aspects, with 
the ultimate aim of enabling various activities and uses (Carmona, 
2021). The physical dimension includes factors such as 
daylighting, overshadowing, traffic flow, access, and circulation 
(Carmona, 2021). The social dimension refers to how effectively a 
space is used by people, supporting essential social activities and 
fostering a sense of community among residents (Gehl, 2006). To 
achieve this, each streetscape must be responsive to the needs of both 
motorised and non-motorised users, ensuring comfort and safety for 
all, including pedestrians, drivers, and others (Rehan, 2013). Pat
terns and volumes of car use influence streetscape design through 
lane allocation, traffic calming measures, and parking provisions, 
while streetscape design in turn affects travel behaviour (Liu et al., 
2023; NACTO, 2019). Additionally, functionality is influenced by 
surface materials that have different albedos, thus designing 
different portions of the transportation and greenery considering 
functionality in the streetscapes affects the microclimates 
(Taleghani, 2018).

3) Cost as a design criterion refers to the financial investments required 
for establishing urban vegetation including expenses related to tree 
procurement, soil preparation, and irrigation infrastructure 
(Mullaney et al., 2014). Beyond initial installation, long-term costs 
are significant, encompassing costs of watering, pruning, and pest 
control. These expenses can increase further due to extreme climatic 
events, which cause canopy damage and necessitate additional 
restoration efforts (Tabassum et al., 2021). Given budget constraints, 
cities must carefully evaluate the cost-effectiveness of different 
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planting strategies to determine the most viable approaches for 
urban greening.

4) Maintenance refers to the ongoing management efforts necessary to 
sustain healthy urban greenery. Limited space and poor soil quality 
complicate tree establishment, requiring more intensive manage
ment (Egerer et al., 2024). Many planting sites consist of small, 
shallow areas with compacted or nutrient-deficient soil, which re
stricts root growth and weakens tree stability. These constraints 
often lead to conflicts with urban infrastructure, as roots compete for 
space with underground utilities and pavement, increasing the risk of 
physical stress on trees (Shi et al., 2023; Torres et al., 2017). Ensuring 
the long-term health of urban greenery requires appropriate site 
selection, soil improvement measures, and routine maintenance to 
mitigate these challenges.

1.4. Aim and research questions

To address the limitations of previous studies on the effective dis
tribution of trees and grass at the neighbourhood level, as well as the 
lack of consideration for practical factors, this research aims to develop 
street greening design guidelines that translate urban climate evidence 
into implementable street designs that fit realities at the neighbourhood 
scale.

The study focuses on European neighbourhoods with temperate 
climate, where heatwaves have intensified and record-breaking tem
peratures above 40 ◦C have been observed in recent years (Beck et al., 
2018; Rousi et al., 2022; Witze, 2022). Using European neighbour
hoods with temperate climate as case examples, these guidelines inte
grate empirical simulation findings with input from practitioners to 
ensure both effectiveness and real-world applicability. Specifically, two 
sub-research questions were addressed: 

1) What are the street greening scenarios for cooling neighbourhoods, 
and how can these scenarios be improved integrating practical 
design considerations?

2) How do the improved design scenarios affect the thermal sensation 
performance of the neighbourhood?

2. Methods

This study used the RTD approach with an iterative design process 
that combines qualitative designer feedback and quantitative thermal 

comfort simulations to evaluate street tree and grass distribution. Two 
main steps were conducted (Fig. 1). In Step 1, focus group workshops 
were conducted with practitioners to evaluate aspects of visual experi
ence, functionality, cost and maintenance of several cooling design 
scenarios. The design scenarios were then further improved based on 
their assessments. In Step 2, ENVI-met simulations were conducted for 
the new scenarios to ensure that their cooling effects had not been 
compromised by the practitioners' decisions. The final design guidelines 
were then developed from the results of these simulations.

2.1. RTD Step 1: selection and refinement of design scenarios

2.1.1. Selection of design scenarios
Developing guidelines requires connected steps from identifying 

relevant neighbourhood typologies to testing greening scenarios and 
translating the results into implementable design guidance. This study 
builds on two preceding steps in this process. First, four neighbourhood 
typologies representing heat-prone compact mid-rise areas in temperate 
European cities were developed from 656 heat-prone neighbourhoods, 
based on combinations of street orientation, street height-to-width ratio, 
block shape, and block floor area ratio (Wu et al., 2022). Second, eight 
preliminary greening scenarios (S1–S8) with varying configurations of 
street trees and grass were generated for these typologies and thermally 
ranked through ENVI-met simulations using PET reduction, percentage 
change in thermal sensation class, and cooling efficiency (Wu et al., 
2025).

Building on these steps, the present study focuses on translating the 
initially high-performing greening scenarios into practical design 
guidelines by converting them into street-scale design profiles, refining 
them through practitioner assessment, re-simulating the revised neigh
bourhood scenarios, and formulating morphology-specific greening 
recommendations. The preliminary S0–S8 scenarios used for selection in 
this study are identical to those in Wu et al. (2025), and are used here as 
the starting point for selecting the initially best-performing street-tree 
and grass configurations.

To improve the design of the most effective greening scenarios, the 
two highest-ranked scenarios for each neighbourhood typology were 
selected for further assessment in this research (Fig. 2). In T1, the most 
effective scenarios are S3 and S1. In T2 and T3, S3 and S4 were identified 
as the best-performing scenarios. In T4, S3 ranked highest, followed by 
S4. Grass was not considered a sole greening strategy in the new 
streetscape designs due to its limited daytime cooling capacity and high 

Fig. 1. Methodological flowchart.
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maintenance demands in resource-limited areas (Ligtermoet et al., 2022; 
Wu et al., 2025). Nonetheless, studies have highlighted its thermal 
benefits during nighttime (Aboelata & Sodoudi, 2019; Fu, 2022) and in 
winter (Zhang et al., 2024). Therefore, grass was included only as a 
supplementary element in the new designs.

2.1.2. Refinement of design scenarios

2.1.2.1. Designer assessment form. The top two neighbourhood-scale 
greening scenarios identified above were converted into street-scale 
designs to ensure their relevance to typical urban design projects 
aligning with the most common scale of urban design projects, since 
design practitioners typically operate at the street scale within neigh
bourhoods. The three street widths were derived from prior typology 
research. In Wu et al. (2022), street width and street-canyon height were 

calculated from empirical street and building data in 656 heat-prone 
neighbourhoods, and the resulting H/W values were grouped into 
three categories. In the generic typology models, these categories were 
represented by 24 m, 16 m, and 8 m street profiles, using a 20 m building 
height to represent compact mid-rise neighbourhoods. Detailed typol
ogy parameters are reported in Wu et al. (2025).

Distinct street profiles were developed for the assessment, reflecting 
varying greening types and configurations from the most effective sce
narios identified in Wu et al. (2025). Within the top two effective sce
narios, the following were the street profiles that practitioners were 
invited to assess for the practical considerations: two rows of large trees 
in 24 m, 16 m, 8 m streets; one row of large trees in 16 m and 8 m streets. 
Among the grass scenarios, covering the 24 m, 16 m, and 8 m streets 
with grass were tested as well. A pilot test of the assessment form was 
done with two landscape architects and one urban designer with project 
experience in Amsterdam, London, and Paris, all cities from where the 

Fig. 2. Cooling effectiveness ranking of the preliminary greening scenarios from Wu (2025). The two initially best-performing scenarios for each neighbourhood 
typology are highlighted in the orange box.

Fig. 3. Example assessment form showing two-row tree distribution on a 24 m-wide street (a). Designers completed the forms during the workshop (b) and explained 
suggestions using sketches (c, d).
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neighbourhood typologies of Wu et al. (2022) were derived.
The final version of the assessment form (Fig. 3 as an example for two 

rows in 24 m streets) was divided into four parts. The four parameters 
visual experience, functionality, cost, and maintenance of the scenarios 
were assessed using statements: "They are aesthetically pleasant, consid
ering 1) Openness in the street; 2) Visibility from home. They are compatible 
with other infrastructure, including 1) vehicle, 2) cycling, 3) walking. They 
are costly. They are easy to maintain." The four criteria were selected 
based on the applicability framework introduced in Section 1.3 and 
previous RTD climate-responsive design research (Cortesão et al., 2020). 
Since thermal performance was assessed separately through ENVI-met 
simulations, the practitioner assessment focused on non-thermal appli
cability criteria: visual experience, functionality, cost, and maintenance. 
These criteria were used to evaluate whether initially cooling-effective 
scenarios could also be integrated into urban design practice. De
signers responded to each statement using a 5-point Likert scale, from 
strongly disagree to strongly agree, and could add comments for 
improvement. Each form included a visual representation of street 
conditions, showing variations in street width (8 m, 16 m, 24 m), with a 
fixed building height of 20 m. Tree spacing, lane allocation, and refer
ence images from Google Street View were included to support the 
evaluation. A final comment box allowed for additional suggestions. The 
assessment forms for all eight street profiles are included in Fig. S1.

2.1.2.2. Workshops with designers. Focus group workshops were 
organised to engage practitioners in evaluating each street profile based 
on practical factors related to visual experience, functionality, cost, and 
maintenance. The workshops also aimed to gather recommendations for 
improving the designs. The workshops followed an expert-based RTD 
format, in which professional judgement was used to support design 
refinement. This format is consistent with related RTD studies. For 
example, Cortesão et al. (2020) involved eight experts from urban 
design and landscape architecture offices, consultancies, and munici
palities in design workshops for prototype evaluation and design 
refinement feedback. Similarly, Lotfata et al. (2024) used seven experts 
in the fields of climate adaptive design, urban climate, land use plan
ning, equity, urban finance, mobility, and architecture in RTD prototype 
assessment and subsequent refinement discussions.

Practitioners were recruited using the purposive sampling method. 
The workshops were intended to gather professional judgement for 
design refinement rather than statistically representative practitioner 
preferences. Participants were selected based on three criteria: (1) 
professional background in landscape architecture and/or urban design; 
(2) experience with urban climate adaptation or urban greening pro
jects; and (3) practical project experience in Amsterdam, London, and/ 
or Paris, which are the urban contexts from which the neighbourhood 
typologies were derived. Six practitioners participated in the workshops, 
including four landscape architects and two urban designers based in the 
Netherlands and the UK, all with project experience in Amsterdam, 
London, and Paris.

The workshops were conducted between May and June 2023 and 
were organised into three smaller subgroup sessions according to the 
practitioners’ locations to facilitate scheduling and participation. Each 
practitioner attended one workshop only, and the three workshops 
together involved six distinct participants. To ensure consistency across 
the sessions, all workshops followed the same structure, used the same 
assessment forms and design materials, and applied the same evaluation 
criteria. Each workshop lasted approximately 1.5 h, which began with 
an introduction outlining the relationship between street profiles, heat- 
prone neighbourhood typologies, and the corresponding planting stra
tegies. Participants then completed the assessment form and further 
elaborated on their evaluations through sketches (Fig. 3).

2.1.2.3. Scenario refinement following designer assessments. The scenario 
refinement process translated practitioner assessments into spatial 

design revisions. The Likert-scale results were first summarised as per
centages for each of the five response categories, ranging from “strongly 
disagree” to “strongly agree”. Given the small expert sample and the 
RTD purpose of the workshops, the Likert-scale assessment was used as a 
structured way to collect practitioners’ initial views, rather than as a 
basis for statistical inference. These results were used to identify general 
tendencies and differences in practitioners’ views.

Then, written comments and sketches were used to interpret the 
reasoning behind the ratings and to identify design concerns and 
possible improvements. The written comments from the assessment 
forms were transcribed and grouped according to the four evaluation 
criteria: visual experience, functionality, cost, and maintenance. Similar 
suggestions within the same criterion were synthesised and merged, 
while different opinions were incorporated into the revised designs 
where spatially feasible, rather than prioritising only one view.

This was followed by identifying feedback with clear spatial impli
cations, such as tree size, planting layout, mobility space, maintenance 
feasibility, or sun exposure. Such feedback was incorporated into the 
revised designs. Practitioners’ sketches were analysed alongside the 
written feedback to support the spatial interpretation of these revisions.

Finally, revised design options were developed for each street width 
based on this combined review. These updated street profiles were then 
integrated into neighbourhood-scale layouts. For each neighbourhood 
typology, a set of new planting scenarios was created by inserting the 
refined street-level designs into the corresponding street widths within 
the neighbourhood structure.

2.2. RTD Step 2: thermal sensation simulation for the improved scenarios

Step 2 quantified the cooling effect value of the new design scenarios. 
ENVI-met V5 was used as the simulation tool. Its capacity to accurately 
represent thermal dynamics in urban settings has been thoroughly 
validated in cities like Amsterdam, London, and Paris, particularly 
concerning the impact of vegetation, streets, and buildings on local 
microclimates (Guo et al., 2019; Kleerekoper et al., 2015). A represen
tative heatwave weather profile was selected because the study aims to 
evaluate greening strategies during periods when outdoor cooling is 
most needed. Meteorological data from De Bilt, London, and Paris for 
2002–2021 were used to identify observed heatwave days with 
maximum daily temperature above 30 ◦C. The hourly meteorological 
conditions from these heatwave days were then averaged to construct a 
representative heatwave-day profile for the ENVI-met simulations. The 
wind rose, air temperature, and relative humidity profiles are provided 
in Fig. S3. The complete ENVI-met simulation inputs are available in 
Table S1.

To analyse cooling performance, both the metrics cooling capacity 
and cooling efficiency were used (Wu et al., 2025). Cooling capacity 
refers to the absolute cooling effect of a greening scenario compared 
with the no-greening reference case, while cooling efficiency refers to 
the cooling benefit achieved per unit of green coverage. This distinction 
allows scenarios that maximise total cooling to be compared with those 
that use greening resources more efficiently. Cooling capacity was 
assessed using mean PET reduction and the percentage change in ther
mal sensation class. PET reduction was calculated as the average PET 
difference between each greening scenario and the no-greening refer
ence case. Changes in thermal sensation class were assessed by 
comparing the percentage of neighbourhood area classified as Warm 
(<35 ◦C), Hot (35–41 ◦C), and Very Hot (≥41 ◦C). Cooling efficiency was 
evaluated using two indicators: eff_delta, the ratio of PET reduction to 
green coverage, and eff_pct, the ratio of the percentage decrease in Very 
Hot areas to green coverage.

2.3. Generating the design guidelines

To generate the final guidelines, we calculated the cooling effect of 
each new design scenario using PET reduction, difference in thermal 
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sensation class, and cooling efficiency. For each metric, scenarios were 
ranked within each typology, and scores were assigned accordingly. 
Scenarios with higher ranks received higher scores. The overall ranking 
(Final_rank) for each scenario was then determined by summing its 
scores (Sum_score) across all metrics. Guidelines were generated by 
providing detailed descriptions of the highest-ranking scenarios for each 
neighbourhood typology, and their spatial arrangements of greenery, 
including tree size, canopy coverage, grass coverage and distribution. 
The guidelines also included specific recommendations from the prac
titioners and illustrated the updated designs, showcasing their applica
bility to various functional contexts.

3. Results and discussion

Sections 3.1–3.3 present and discuss findings related to research 
question 1, including designer assessments, street design revisions, and 
new neighbourhood scenarios. Section 3.4 addresses research question 2 
by analysing and interpreting the thermal performance of the new 
neighbourhood scenarios. Section 3.5 presents the resulting design 
guidelines, followed by Sections 3.6 and 3.7, which discuss the novelty 
of this research and directions for future study.

3.1. Designer's assessment by street type and criteria

This section presents designers' feedback on various street planting 
strategies. The Likert-scale results were used to identify general ten
dencies (Fig. S2), while written comments, sketches, and workshop 
discussions were used to explain the reasoning behind these responses 
and identify spatial refinement suggestions for each street profile. Street 
profiles of 24 m, 16 m, and 8 m were evaluated across scenarios 
involving two rows, one row of trees, or grass-covered streets. Practi
tioner feedback is summarised in Table 1, with full details in Table S2. 
Within this synthesis, cost refers to practitioners’ comparative judge
ment of the relative implementation burden of each design option.

3.2. Street-level design revisions based on feedback

Revised street greening strategies were developed to address de
signers' concerns about visual experience, functionality, cost, and 
maintenance. Some changes reflected direct workshop suggestions (e.g. 
tree height, crown size, planting layout), while others responded to 
recurring issues across criteria to retain valued aspects of the original 
schemes while enhancing practical feasibility. Table 2 presents the 
initial and revised options for each street type. Option 1 proposes 
extensive greening where feasible; Options 2 and 3 address space or 
resource constraints.

Design decisions prioritised spatial feasibility. Suggestions that 
conflicted with core movement functions or offered marginal benefits in 
narrow configurations were not retained. For example, a grass median 
between pedestrian and cycling paths was proposed but excluded, as its 
cooling and visual contributions were considered minimal in limited- 
width applications (Lobaccaro & Acero, 2015). Other feedback related 
to non-spatial elements, such as paving materials or surface texture, was 
recorded and incorporated into final design guidelines (Section 3.5).

Revisions for 24m streets: dense high-canopy trees were retained, 
as designers found them effective for maintaining openness and 
providing shade. Option 1 (Table 2) keeps two rows of large trees and 20 
m width of grass, with 4 m width of hardscape for pedestrians and cy
clists. This option responds to the divergent views on grass by retaining 
substantial grass-covered areas for ecological and visual benefits while 
maintaining hardscape pedestrian and cycling paths for functional 
accessibility. Suggested features like a grass strip between pedestrian 
and cycle lanes were excluded because their additional visual and 
cooling value was considered limited relative to the added maintenance 
and spatial complexity. Option 2 keeps the original large trees and 
placement.

Revisions for 16m streets: feedback noted that tree crowns were 
oversized relative to street width. Revised options use medium-sized 
trees (16 m height, 8 m crown). In Option 1, trees are arranged in two 
rows, with grass added only on the sunlit side due to concerns over 
shaded maintenance. Hardscape zones remain for pedestrians and cy
clists. Option 2 applies a staggered layout to improve space efficiency 
and accommodate cycling and parking. Option 3 offers a simplified one- 
row tree without grass, suitable for narrow or resource-limited streets. 
Trees are placed on the sunlit side—north for E–W streets, east for N–S, 
northeast for NW–SE, and northwest for NE–SW.

Revisions for 8m streets: due to limited space, 8 m street designs 
were simplified. Designers raised concerns about mobility conflicts and 
maintenance. Tree size was reduced to small canopies, with only one- 
row layouts retained where space and sunlight permit. In Option 1, a 

Table 1 
Synthesised practitioners’ feedback on street-level greening options across the 
four evaluation criteria.

Criteria Option 24 m street 16 m street 8 m street

Visual 
experience

Two- 
row 
trees

High canopies 
created 'green 
tunnel effect'; 
require foliage 
management to 
avoid obstruction

Crowns too 
large relative 
to width

Somewhat full 
but not 
overwhelming

​ One- 
row 
trees

– More 
balanced and 
visually 
fitting.

Preferred in 
narrow streets, 
especially with 
building shade.

​ Grass Added openness 
but lacked 
vertical depth, 
appeared flat

Greener due 
to narrow 
scale, but still 
lacked 
vertical 
depth

Strongest visual 
impact but still 
lacked vertical 
depth

Functionality Two- 
row 
trees

Compatible with 
pedestrians/ 
cycling, but 
required reducing 
car lanes

Hindered car 
movement; 
walking/ 
cycling 
prioritized; 
cycling lanes 
essential

Caused 
congestion in 
limited space

​ One- 
row 
trees

– Better 
balance for 
width

Reduced 
congestion, 
more suitable

​ Grass Low vehicle/ 
cycling 
compatibility 
when wet; some 
saw ecological 
corridor potential

Unsuitable 
for heavy 
traffic; 
walking 
paths lacked 
durability

Impractical for 
vehicles, 
slippery for 
cycling when 
wet

Cost Two- 
row 
trees

Acceptable long- 
term investment 
with ecological/ 
visual benefits

Justified as 
long-term 
value

Additional 
green 
infrastructure 
costs

​ One- 
row 
trees

– Reasonable 
long-term 
value

Lower 
additional cost 
than two-row

​ Grass Costly, limited 
multifunctional 
value

Costly, low 
resilience 
under 
frequent use

Costs difficult 
to justify given 
existing 
pavement/ 
sewage 
investment

Maintenance Two- 
row 
trees

Pruning 
manageable

More difficult 
with limited 
sunlight

–

​ One- 
row 
trees

– Manageable Easier than 
grass

​ Grass Demanding: 
mowing, 
irrigation, access 
harder with large 
areas

More effort 
due to light 
sensitivity 
and wear

Hard to 
maintain with 
low sunlight 
and intensive 
use
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single row of small trees is placed on the sunlit side. Grass was excluded 
as unsuitable for vehicles or cyclists and difficult to maintain under high- 
traffic conditions.

3.3. New neighbourhood design scenarios

Building on the revised street typologies from Section 3.2, a set of 
neighbourhood-scale greening scenarios was developed to test cooling 
performance. Each scenario integrates different combinations of 24 m, 
16 m, and 8 m street designs based on the spatial layout presented in 
Section 2.1.2. For the four typologies (T1–T4) composed of different 
street compositions, each of them includes multiple design scenarios 

(NS1–NS4) with varying greening designs. Table 3 summarises the 
neighbourhood designs used for ENVI-met simulations.

For T1, NS1 includes two rows of large trees with 20 m-wide grass on 
the east and north sides of 24 m streets (Option 1); two rows of medium 
trees with 8 m grass in 16 m (Option 1), resulting in the highest green 
coverage. NS2 retains two rows of large trees but removes grass from 24 
m streets (Option 2) to improve feasibility and reduce maintenance.

For T2, NS1 includes two rows of medium trees and grass on the east 
and north sides of 16 m streets (Option 1) and one row of small trees in 8 
m streets (Option 1). NS2 only keeps two rows of medium trees in 16 m 
streets (Option 2). NS3 simplifies NS1 to one row of trees in 16 m streets 
(Option 3) and 8 m streets (Option 1). NS4 includes a two-row tree 

Table 2 
Visual representation of street-level planting strategies for 24 m, 16 m, and 8m-wide streets.

Table 3 
New simulation models at the neighbourhood level with planting descriptions for each design scenario.
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layout in 16 m streets to enhance space utilisation while retaining 
greenery (Option 2).

For T3, NS1 includes two rows of medium trees and 8 m grass on the 
sunlit northwest and northeast sides of 16 m streets (Option 1); one row 
of small trees in 8 m streets placed for sun exposure (Option 3). NS2 
includes two rows of medium trees in 16 m streets (Option 2). NS3 

applies one-row layouts: medium trees in 16 m (Option 3) and small 
trees in 8 m streets (Option 1), both on sunlit sides.

For T4, NS1 includes two rows of large trees with 20 m-wide grass in 
24 m streets (Option 1), two rows of medium trees with 8 m grass in 16 
m streets (Option 1), and a 40 m diameter green roundabout at the main 
crossing. NS2 simplifies to only two rows of large trees in 24 m streets 

Fig. 4. PET difference map of each scenario for the period of 13:00–15:00 from ENVI-met simulations.
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(Option 2), removing additional greening to prioritise implementation.

3.4. Thermal sensation performance of new designs

ENVI-met simulations were conducted to evaluate the thermal per
formance of the proposed neighbourhood scenarios. PET values were 
calculated at each grid point and compared to a no-greening reference. 
Cooling performance metrics were assessed to inform scenario selection, 
including cooling capacity (mean PET reduction, percentage change in 
thermal sensation class), and cooling efficiency.

3.4.1. Cooling capacity
The PET difference map presents the PET spatial performances of 

each scenario (Fig. 4). PET difference was observed at each map point 
compared to the no-greening scenario across typologies. The PET 
reduction results show scenarios have a varied impact on the reduction 
of overall mean PET for each neighbourhood (Fig. 5b). The results are 
presented per neighbourhood typology. Detailed simulation results, 
including means, standard deviations, and 95% confidence intervals, are 
provided in Table S3, and results of the ANOVA and Tukey’s HSD post- 
hoc tests are presented in Table S4. The Tukey grouping letters in Fig. 5b 
indicate significant differences among scenarios within each typology.

For T1, NS1 achieves an overall cooling effect of 7.89 ◦C. NS2, which 
excludes grass and places trees only on the sun-exposed side of sec
ondary streets, achieves a PET reduction of 3.85 ◦C.

For T2, NS1 results in a PET reduction of 2.71 ◦C. NS4’s staggered 

tree layout is 0.08 ◦C cooler than the parallel pattern, and post-hoc 
testing indicates that the difference is not statistically significant. Such 
marginal thermal differences fall within the uncertainty range of 
microclimate modelling and can be interpreted as thermally equivalent, 
with design feasibility becoming the distinguishing factor. NS3, with one 
row of trees on the high-radiation side, achieves a PET reduction of 1.55 
◦C.

In T3, NS2 shows the greatest mean PET reduction at 1.79 ◦C, driven 
by locations with significant cooling. NS1, with a mean reduction of 1.33 
◦C, yields more widespread but moderate cooling. This highlights that 
tree–grass interventions do not always result in the most cooling, even 
though many studies suggest otherwise (Bartesaghi-Koc et al., 2020; Fu, 
2022; Lobaccaro & Acero, 2015). T2-NS1 includes more green coverage 
than other T2 scenarios and achieves the highest PET reduction in that 
typology. In contrast, T3-NS1, despite also having more green coverage 
than T3-NS2, results in lower PET reduction. As T2-NS1 and T3-NS1 
apply the same strategy, the difference can be attributed to morpho
logical context. This shows that combining trees and grass does not al
ways yield additive cooling, underscoring the influence of layout.

For T4, NS1, which includes 24 m streets mostly covered with grass, 
two rows of trees on main and secondary streets, and a green round
about, achieves a PET reduction of 7.3 ◦C. NS2, with two rows of trees on 
main streets only, results in 4.23 ◦C cooling.

The percentage change in thermal sensation class corresponds 
closely to the PET reduction results (Fig. 5a). For all typologies, the 
ranking is consistent with the PET reduction findings. T1-NS1 

Fig. 5. Thermal performance comparing scenarios in each typology at the neighbourhood scale, including Percentage change in thermal sensation class (a); Mean 
PET reduction (b); cooling efficiency regarding PET reduction per green cover (c) and regarding Thermal sensation class change per green cover (d).
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demonstrates the most significant reduction in the 'Very Hot' category, 
with 45.7% of areas shifting to the 'Hot' or 'Warm' classes, followed by 
T1-NS2 at 22.2%. For T2, NS1 shows a 17.5% decrease in 'Very Hot' 
areas, followed by NS4 at 14.2%. In T3, NS2 remains the most effective 
cooling scenario due to its substantial reduction in cooler areas (12.7%). 
Meanwhile, NS1 sees 13.6% of 'Hot' areas transition, but also experi
ences a slight increase (1.3%) in 'Very Hot' areas, therefore the overall 
cooler area is 11%. T4-NS1 also achieves a notable reduction of 40.6% in 
the 'Very Hot' category, whereas NS2 shows a more modest decrease at 
24.3%.

3.4.2. Cooling efficiency
In terms of cooling efficiency, we applied two metrics proposed by 

Wu et al. (2025): the ratio between PET reduction and green coverage 
(Fig. 5c), and the ratio between thermal sensation class change and 
green coverage (Fig. 5d). In this study, both metrics were further 
standardised using z-scores to enable cross-scenario comparison.

Based on these metrics, scenarios with grass (Tx-NS1) generally 
exhibit lower efficiency compared to tree-only scenarios. For T1, NS2 is 

much more efficient than NS1, indicating that planting trees on both 
sides of main wide streets can maximise cooling benefits per unit of 
green coverage. For T2, the difference between NS1 and NS2 is less 
pronounced. T2-NS1 achieves the highest cooling efficiency among all 
tree-grass scenarios, while T2-NS4 demonstrates the highest cooling 
efficiency across all scenarios, suggesting this typology's suitability for 
planting strategies focused on high cooling efficiency.

For T3, NS1 performs the worst in terms of cooling efficiency across 
all the scenarios in different typologies. Additionally, its PET reduction 
and thermal sensation class changes, as shown in Fig. 5a and b, are 
comparable to other scenarios, leading to the decision to exclude NS1 
from the final guidelines.

For T4, the grass-inclusive scenario is less efficient than planting two 
rows of trees solely on main streets. However, it has a higher efficiency 
than in T1, reflecting improved performance when trees and grass are 
planted in the sun-exposed roundabout area.

Fig. 6. Final design guidelines for T1-Mainly wide streets with N-S and E-W orientations.
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3.5. Design guidelines

Based on the simulation results, we developed guidelines to assist 
practitioners in the spatial design of street trees and grass within 
neighbourhoods (Figs. 6–9). The guidelines include the green coverage 
(canopy and grass cover within the neighbourhood), detailed design 
descriptions for each scenario and specific recommendations syn
thesised from practitioners' feedback.

Table 4 presents the process of selecting final design scenarios based 
on cooling capacity (PET reduction and thermal sensation change) and 
cooling efficiency. The detailed scoring system can be found in Table S5. 
The decision-making process led to the scenarios being categorised into 
three groups: "Maximum cooling", "Highest efficiency", or "Discarded", 
ensuring that only the best-performing designs were included in the final 
guidelines. The "Maximum cooling" scenarios were those that demon
strated the highest PET reduction potential, while the "Highest effi
ciency" ones provided an optimal balance between cooling and other 
considerations such as cost and maintenance. Scenarios marked without 
selection under “Maximum cooling” or “Highest efficiency” were not 

included in the final guidelines.
The final design guidelines are presented below for each typology, 

based on the scenarios selected through the evaluation process described 
in Table 4. For each typology, two recommended strategies are shown: 
one prioritising maximum cooling, and one prioritising cooling effi
ciency under resource constraints. The guidelines are illustrated to 
highlight the key planting strategies in different street configurations 
and expected cooling outcomes. All recommendations are informed by 
the simulation results and practitioner feedback discussed in Sections 
3.1 to 3.4 to support practical decision-making in neighbourhood 
greening. These guidelines provide morphology-based reference strate
gies for heat-prone compact mid-rise neighbourhoods in temperate 
western European contexts. They are most applicable where street- 
width structures, street orientations, and height-to-width ratios are 
comparable to the typologies used in this study.

Fig. 7. Final design guidelines for T2-Mainly narrow streets with N-S and E-W orientations.
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3.6. Contributions and implications

3.6.1. Contribution to urban greening and cooling knowledge
This research addresses a critical gap in urban greening and climate 

adaptation literature: the lack of neighbourhood-scale greening guide
lines that specify street-level planting strategies while integrating cli
matic performance and practical considerations. While previous ENVI- 
met and greening studies have provided evidence on how vegetation 
amount, canopy coverage, grass coverage, urban density, and cooling 
efficiency influence thermal performance (Ouyang et al., 2020; Ziter 
et al., 2019; Yang et al., 2020; Ouyang et al., 2023), this study moves 
beyond coverage-ratio optimisation by identifying how greening re
sources can be prioritised across neighbourhoods with different street 
widths, orientations, and practical applicability constraints. The 
practitioner-refined scenarios specify tree size, planting rows, grass 
placement, hardscape mobility space, and prioritised street types within 
each neighbourhood typology.

This research further challenges the assumption that increasing 
greening amount always results in greater cooling. While some studies 
recommend tree–grass combinations as effective strategies (Xi et al., 

2023; Lobaccaro & Acero, 2015), this study revealed a “1 + 1 < 2″ ef
fect in T3. The practitioner-refined scenario increased both tree canopy 
and grass cover, but produced lower PET reduction than the tree-only 
layout: 1.33 ◦C for T3-NS1 compared with 1.79 ◦C for T3-NS2. This 
suggests that additional greening, even when combining more canopy 
and grass surfaces, does not automatically generate additive cooling 
benefits. Instead, the cooling effect depends on how greening is spatially 
configured within a given neighbourhood morphology.

3.6.2. Methodological advancement through RTD
The methodological contribution lies in adapting an RTD-informed 

approach to neighbourhood-scale street-tree and grass prioritisation. 
This study starts from previously thermally ranked greening scenarios, 
translates the best-performing scenarios into street-scale design profiles, 
refines them with practitioners, and then re-simulates the revised 
neighbourhood scenarios. Modelling is therefore treated as decision 
support within a design-led, practitioner-engaged process, rather than as 
an end in itself. Instead of relying only on researcher-defined simulation 
scenarios, this study engages urban designers and landscape architects 
through focus group workshops (Ramakreshnan et al., 2019), using their 

Fig. 8. Final design guidelines for T3-Mainly narrow streets with NE-SW and NW-SE orientations.
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feedback to reshape the initial scenarios.
This process is essential because variables such as vegetation type, 

tree size, spatial configuration, and neighbourhood morphology can 
generate hundreds of possible design combinations. Testing all combi
nations parametrically would be computationally demanding and would 
include options that may be unrealistic in practice. Practitioner input 
helped narrow the design space toward plausible and implementable 
configurations for re-simulation, demonstrating how RTD can support 
structured collaboration between urban climate researchers and design 
practitioners in neighbourhood cooling research.

The study also advances methodological understanding by 
comparing two performance perspectives: maximum cooling and cool
ing efficiency relative to green coverage. Previous studies addressed 
these separately, either optimising thermal performance (Liu et al., 
2021; Krayenhoff et al., 2020) or improving efficiency (Yang et al., 
2020; Ouyang et al., 2023). Combining both in one framework high
lights that scenarios with the highest absolute cooling are not always the 
most efficient, which is particularly important in compact neighbour
hoods where street space is limited and greening interventions must be 
balanced with existing functions.

Furthermore, this research forms a staged evidence-to-practice 
workflow for climate-responsive greening guidelines, together with 
the preceding typology-development and preliminary simulation 
studies. The process starts with identifying heat-prone neighbourhood 
typologies (Wu et al., 2022), then develops and thermally ranks pre
liminary greening scenarios (Wu et al., 2025), incorporates practitioner 
assessment, re-simulates refined designs, and finally translates the re
sults into visual and morphology-specific guidelines.

3.6.3. Implications for planning, policy, and practice
For municipalities, planning agencies, and design firms, this work

flow provides a reference for developing evidence-based, understand
able, transferable, and operational greening guidelines. Practitioners 
often lack practical guidance on how to integrate climate-responsive 
strategies into everyday design work (Brown, 2010; Lenzholzer et al., 
2020). This study responds to this gap by translating microclimate 
simulation results into spatially explicit recommendations that also ac
count for visual experience, functionality, cost, and maintenance. The 
guidelines are particularly useful in early-stage design, where practi
tioners need to compare greening alternatives before detailed designs.

Fig. 9. Final design guidelines for T4-Mainly wide streets with four orientations divided by 45◦.
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The visual format of the guidelines further supports communication 
between researchers, designers, engineers, policy-makers, and non- 
expert stakeholders. Visual and morphology-specific recommendations 
can make microclimate evidence easier to interpret and apply in design 
and planning processes (Cortesão et al., 2020; Munnik & Lenzholzer, 
2020). They can also support communication with local 
decision-makers and communities by showing tangible examples of how 
street greening can improve outdoor thermal conditions. In this way, the 
guidelines contribute not only to professional design decision-making, 
but also to more transparent and communicative climate adaptation 
planning.

Finally, this study highlights the need for continued collaboration 
between urban climate researchers and design practitioners. The full 
evidence-to-practice workflow offers a transferable methodological 
reference for these collaborations. Future mobility trends, including 
reduced car use, superblocks, and autonomous mobility, may create 
further opportunities to reallocate street space for green infrastructure 
(NACTO, 2019; Fisher, 2021; Luo et al., 2019; Nieuwenhuijsen, 2024). 
Continued interdisciplinary collaboration will be essential to refine 
these guidelines, test them in real projects, and improve their trans
ferability across different urban and climatic contexts.

3.7. Limitations and further research

This study presents several limitations that suggest directions for 
further research. The participatory process involved a small group of 
professionals with backgrounds in urban design and landscape archi
tecture. While this ensured a consistent design perspective, it may have 
limited the range of concerns. Including experts from fields such as 
urban forestry and engineering could have brought other practical 
considerations related to functionality, cost, and maintenance. The 
number of practitioners involved in the workshops was limited. In this 
study, the workshops were used to refine design scenarios within a 
Research-Through-Design framework, relying on professional judge
ment rather than broad representation. Future research could involve a 
larger and more diverse practitioner group to test the robustness of these 
findings across contexts.

The ENVI-met simulations were designed as controlled comparisons 
among greening scenarios under identical boundary conditions. The 
results depend partly on assumptions related to boundary conditions, 
vegetation representation, material properties, and thermal comfort 
parameters. These assumptions may influence absolute PET values, 
while the main interpretation focuses on relative differences among 
scenarios. Future research should test the guidelines in real neighbour
hoods and compare simulated cooling effects with field measurements, 
and add sensitivity tests for ENVI-met inputs, such as wind conditions, 
vegetation parameters, surface albedo.

While this study focused on daytime thermal conditions, investi
gating nocturnal and seasonal performance would help ensure year- 
round effectiveness of urban greening strategies (Fu, 2022; Zhang 
et al., 2017). Besides, cooling simulations were based on meteorolog
ical data from temperate European cities, limiting the generalisability of 
findings. Future studies could adapt and test the strategies in different 

Table 4 
Summary of scenario performance, synergies, trade-offs, and guideline 
selection.

Scenario Maximum 
cooling

Highest 
efficiency

Final 
rank

Synergies Trade-offs

T1-NS1 ✓ ​ #1 Extensive tree 
and grass 
coverage 
delivers 
maximum 
cooling.

High cost; 
increased 
pruning 
required for 
visibility; 
higher 
irrigation and 
maintenance 
needs.

T1-NS2 ​ ✓ #1 Balances 
absolute 
cooling and 
resource 
efficiency on 
wide streets.

No greening 
on secondary 
streets.

T2-NS1 ✓ ​ #2 Full green 
coverage 
provides 
strong 
absolute 
cooling.

High cost; 
increased 
pruning and 
maintenance 
requirements.

T2-NS2 ​ ​ #3 Performed 
better cooling 
than single- 
row plantings 
on main and 
secondary 
streets.

Low efficiency 
relative to 
space used.

T2-NS3 ​ ​ #4 – Lowest 
absolute 
cooling; 
smaller tree 
sizes improved 
visibility, but 
cooling was 
insufficient.

T2-NS4 ​ ✓ #1 Staggered 
planting 
pattern 
improved both 
absolute and 
efficient 
cooling while 
preserving 
parking space.

No greening 
on secondary 
streets.

T3-NS1 ​ ​ #3 – Highest 
greening cost 
and 
maintenance 
with lower 
cooling 
performance 
than NS2.

T3-NS2 ✓ ✓ #1 Moderate 
green 
coverage 
yields the 
highest 
absolute and 
efficient 
cooling.

No greening 
on secondary 
streets.

T3-NS3 ​ ✓ #2 Scattered 
planting 
achieves high 
cooling 
efficiency.

Low absolute 
cooling due to 
small trees on 
secondary 
streets, which 
improves 
visibility.

T4-NS1 ✓ ​ #1 Extensive tree 
and grass 
coverage 
provides 

High costs; 
more space 
required; 
pruning  

Table 4 (continued )

Scenario Maximum 
cooling 

Highest 
efficiency 

Final 
rank 

Synergies Trade-offs

strong 
absolute 
cooling.

needed to 
maintain 
visibility.

T4-NS2 ​ ✓ #1 Balances 
cooling 
benefits with 
cost and low- 
maintenance 
needs.

No greening 
on secondary 
streets.
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climatic zones to assess broader applicability (Wong et al., 2021; Yu 
et al., 2017). The proposed design scenarios focus primarily on spatial 
aspects, with limited differentiation by vegetation species. Since plant 
characteristics such as canopy form, seasonal behaviour, and mainte
nance demands vary, including species-specific choices could improve 
both performance and feasibility (Fu, 2022).

4. Conclusion

This research used a research-through-design process to identify 
effective spatial designs of street trees and grass for neighbourhood 
cooling. Design practitioners evaluated the scenarios based on visual 
experience, functionality, cost, and maintenance. These scenarios were 
then refined with respect to key design factors, including tree size, 
placement, tree–grass combinations, and the proportion and distribu
tion of green surfaces. Following ENVI-met simulations, we assessed 
their cooling performance in terms of both maximum cooling and 
cooling efficiency. The resulting neighbourhood-specific design guide
lines provide practical and applicable strategies for urban planners, 
designers, and landscape architects.

For neighbourhoods with N–S and E–W wide streets, plant two rows 
of large trees with grass covering 20 m of the 24 m street surface be
tween buildings, and medium trees on secondary streets with 8 m grass 
coverage on 16 m surfaces. If resources are limited, prioritise large trees 
on main streets. For neighbourhoods with N–S and E–W narrow streets, 
use medium trees on main streets and one row of small trees on the high- 
radiated side (north and east) of secondary streets. For neighbourhoods 
with NE–SW and NW–SE narrow streets, two rows of medium trees on 
main streets are most effective, followed by one row of medium trees on 
main streets and small trees on the high-radiated side (northwest and 
northeast) of secondary streets. For neighbourhoods with wide radial 
streets, plant two rows of large trees with 20 m grass strips on 24 m 
streets and medium trees with 8 m grass on 16 m streets. Use large trees 
and grass in central roundabouts. If resources are limited, focus on two 
rows of large trees on 24 m streets.

Our findings demonstrate that greater green coverage is not always 
the most effective strategy, highlighting the importance of specific 
design guidelines for different neighbourhood typologies. Accordingly, 
the final guidelines reflect not only thermal simulation results but also 
practitioner insights, ensuring that recommended strategies are both 
climatically effective and implementable. By applying these solutions, 
urban planners and designers can create sustainable, comfortable, and 
visually appealing streetscapes, contributing to broader goals of climate 
resilience and liveability in urban environments.
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