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ABSTRACT: Rapid urbanization and hot-humid 

climatic conditions have intensified the need for 

urban streets to provide not only mobility but also 

pedestrian comfort and high-quality outdoor 

experience. This paper examines Nanning National 

Avenue, also known as Minzu Avenue, as a 

representative urban corridor where public transport, 

green infrastructure, smart facilities and pedestrian 

activities overlap. The study aims to identify 

existing landscape conditions affecting pedestrian 

comfort, evaluate users' perceptions of outdoor 

experience and propose smart landscape strategies 

for improvement. A focused mixed-method design 

was adopted, combining field observation at two 

representative nodes with a questionnaire survey of 

220 valid respondents. The results show that thermal 

comfort is the weakest aspect of the current outdoor 

experience, with a mean score of 3.2 and only 

31.8% of users reporting positive comfort. Smart 

lighting and smart benches received relatively 

stronger evaluations, while information displays and 

cooling facilities require better user-oriented 

integration. The paper concludes that smart 

landscape strategies should move beyond 

technology display and toward a comfort-service 

model based on continuous shade, pedestrian-

oriented circulation, shaded resting nodes, adaptive 

lighting, practical information display and feedback-

based maintenance. 
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comfort, outdoor experience, Minzu Avenue, 
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I. INTRODUCTION 
Smart landscape research has often been 

discussed through the broad language of smart 

cities, digital infrastructure and urban governance. 

However, for landscape architecture and urban 

public-space studies, the value of smart technology 

should be judged by whether it improves ordinary 

users' comfort, safety, mobility and outdoor 

experience. Recent smart-city studies emphasize 

that digital systems need to be linked with 

environmental quality and human-centred urban 

performance rather than treated as independent 

technological achievements [1]-[3]. 

Nanning National Avenue is one of the 

most important urban corridors in Nanning, 

Guangxi. It accommodates metro entrances, bus 

connections, B+R parking, pedestrian movement, 

plazas, pocket parks, green belts and selected smart 

facilities. In Nanning's hot-humid subtropical 

climate, users' outdoor experience is strongly 

affected by shade, heat exposure, seating, walking 

continuity, traffic interference, lighting and 

wayfinding. Therefore, the avenue provides a 

suitable case for examining how smart landscape 

strategies can support comfort at pedestrian scale. 

The research problem addressed in this 

paper is that Minzu Avenue has undergone 

landscape and infrastructure improvements, but its 

pedestrian comfort and outdoor experience remain 

uneven. Existing smart facilities may improve image 

and management efficiency, but they are meaningful 

only when they respond to actual discomfort points 

such as discontinuous shade, exposed waiting areas, 

weak resting opportunities and unclear information. 

 

II. LITERATURE REVIEW 
Urban street landscapes are everyday public 

spaces where movement, waiting, resting, green 

infrastructure and transport interfaces overlap. 

Unlike parks, streets must manage continuous flows, 

traffic noise, fragmented open spaces and changing 

microclimatic conditions. Tree canopy, seating, 

pavement, lighting, wayfinding and environmental 

management form a comfort system rather than 

isolated design features [4], [5]. 

Pedestrian comfort includes thermal 

comfort, walking comfort, visual comfort, acoustic 

comfort, perceived safety and accessibility. In hot-

humid cities, thermal comfort is particularly 
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important because high temperature and humidity 

reduce willingness to walk or stay outdoors. 

Outdoor experience is broader than comfort and 

includes satisfaction, willingness to stay, 

convenience, visual quality and social use. Smart 

landscape strategies may include smart lighting, 

environmental monitoring, smart irrigation, 

information display, user feedback and data-

supported maintenance, but they should be selected 

according to real pedestrian problems rather than 

technological novelty [6]-[8]. 

 

III. METHODOLOGY 

The study adopted a focused mixed-method 

research design. Field observation was used to 

identify existing landscape conditions, while 

questionnaire survey was used to evaluate users' 

perceptions of comfort and outdoor experience. The 

study focused on two representative nodes along 

Minzu Avenue: the ASEAN Business District 

subway station area and Nanhu Park Subway Station 

Exit D. These nodes represent a dense smart urban 

mobility area and an ecological-urban transition area 

respectively. 

The questionnaire, titled Minzu Avenue 

Smart Landscape User Survey, collected 220 valid 

responses from commuters, nearby residents, 

tourists or occasional visitors, pedestrians and 

bicycle/e-bike users. It measured environmental 

comfort, accessibility, safety, smart facility 

satisfaction, perceived technology effectiveness and 

overall satisfaction using five-point Likert-scale 

items. Field observation recorded shade, greenery, 

seating, pedestrian circulation, traffic interference, 

lighting, information displays, B+R parking and 

visible smart facilities. 

 

TABLE I. RESEARCH OBJECTIVES, DATA SOURCES AND ANALYTICAL METHODS 

Research Objective Data Source Analysis Method Output 

Identify existing 

landscape conditions 

affecting comfort 

Field observation at 

two selected nodes 

Classification of shade, 

seating, greenery, traffic and 

smart facility conditions 

Physical evidence of 

comfort problems 

Evaluate users' 

perceptions of comfort 

and outdoor experience 

Questionnaire 

survey (n=220) 

Descriptive statistics, 

reliability checking and 

group comparison 

User ratings of comfort, 

safety, smart facilities 

and overall experience 

Propose smart landscape 

strategies 

Integrated survey 

and observation 

findings 

Problem-strategy matching 

Evidence-based 

improvement strategies 

for Minzu Avenue 

 

IV. RESULTS AND DISCUSSION 
Field observation shows that Minzu 

Avenue has a strong basis for smart and green 

corridor development. The Nanhu Park node 

provides a stronger ecological atmosphere, 

vegetation and leisure-oriented public space, while 

the ASEAN Business District node has higher 

visibility of smart facilities, information displays, 

lighting and mobility management. However, 

comfort conditions are not continuous. Shade, 

seating and smart comfort facilities are often 

concentrated in selected locations rather than 

aligned with the actual points where pedestrians 

wait, transfer or remain exposed to heat. 

The questionnaire results confirm this 

observation. Thermal comfort recorded the lowest 

mean score among the environmental comfort items 

(M=3.2, SD=0.87), and only 31.8% of users rated 

walking or staying comfort positively. Shading 

received a moderate score (M=3.5), which indicates 

that users recognize the value of greenery but still 

experience discomfort in exposed sections. Lighting 

comfort was stronger (M=3.8), while noise 

acceptance remained moderate (M=3.3). 

Smart facility satisfaction was generally 

positive but uneven. Smart lighting received the 

highest mean score (M=3.8), followed by smart 

benches (M=3.7), mist cooling (M=3.6) and 

information displays (M=3.4). User-group 

comparison shows that commuters experience the 

avenue more critically than residents and tourists. 

Commuters rated thermal comfort at 2.9, compared 

with 3.4 for residents and 3.5 for tourists. 

Correlation analysis further supports the importance 

of comfort-oriented smart facilities: thermal comfort 

was strongly correlated with overall evaluation 

(r=0.725, p<0.01), while smart facility satisfaction 

showed an even stronger relationship with overall 

evaluation (r=0.813, p<0.01). 
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TABLE II. MAIN QUESTIONNAIRE RESULTS ON COMFORT AND SMART FACILITY 

SATISFACTION 

Dimension / Item Mean Key Result Interpretation 

Thermal comfort 3.2 
Only 31.8% rated comfort 

positively 

Main weakness of outdoor 

experience 

Shading effect 3.5 
45.5% agreed greenery reduces 

heat and sunlight 
Useful but spatially discontinuous 

Lighting comfort 3.8 62.3% satisfied with lighting 
Relatively successful comfort and 

safety element 

Noise acceptance 3.3 
38.6% considered noise 

acceptable 

Traffic corridor still affects acoustic 

comfort 

Mist cooling 3.6 52.7% satisfied Helpful but insufficient in coverage 

Smart lighting 3.8 60.9% satisfied Strongest smart facility evaluation 

Information displays 3.4 41.8% satisfied Needs more user-oriented content 

Smart benches 3.7 56.4% satisfied 
Supports staying when combined 

with shade 

 

 
Fig. 1. Mean scores of environmental comfort items. 

 

 
Fig. 2. Mean scores of smart facility satisfaction items. 
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Fig. 3. Comparison of mean scores by user type. 

 

V. SMART LANDSCAPE STRATEGIES 
Based on the integrated findings, the first 

priority is to establish a continuous shade and 

cooling network. This should combine tree canopy, 

lightweight shade structures, shaded seating, cool 

pavement and localized mist cooling. The strategy 

should focus on continuity rather than isolated 

visual greening. Metro exits, crossings, B+R hubs 

and station plazas should be treated as priority 

heat-stress points because these are the places 

where users wait, transfer and become exposed. 

The second strategy is to improve 

pedestrian circulation and reduce movement 

conflicts. Around station areas, pedestrians, 

bicycles, e-bikes and waiting passengers often 

overlap. Clearer pavement organization, visible 

crossings, separated B+R parking, and legible 

routes between metro exits, bus stops and public 

spaces can reduce stress and improve perceived 

safety. Smart signage should provide concise, 

decision-point information, including shaded route 

guidance, heat alerts, transfer information and 

nearby rest-point information. 

The third strategy is to strengthen small-

scale resting nodes. Resting facilities should be 

placed where users naturally pause, including 

station exits, shaded greenways, pocket park edges 

and crossings. Smart benches, charging points, Wi-

Fi or information functions are useful only when 

basic shade, visibility, safety and accessibility are 

satisfied. The fourth strategy is to optimize smart 

lighting, information displays and environmental 

feedback. The fifth strategy is to create a feedback-

based management system using regular field 

observation and short user surveys. 

 

TABLE III. RECOMMENDED SMART LANDSCAPE STRATEGIES FOR MINZU AVENUE 

Strategy Area Recommended Actions Expected Improvement 

Thermal comfort 
Increase canopy continuity, shade structures, mist 

cooling and cool paving at heat-exposed nodes 

Lower heat stress and improve 

walking and staying comfort 

Pedestrian 

movement 

Clarify routes, improve crossings, organize B+R 

parking and reduce traffic conflicts 

Improve accessibility, legibility 

and perceived safety 

Resting experience 
Add shaded seating, smart benches and small rest 

nodes at regular intervals 

Support waiting, short stays and 

inclusive use 

Smart facilities 
Upgrade adaptive lighting and make information 

displays more practical and comfort-oriented 

Increase smart facility usefulness 

and overall satisfaction 

Management 
Combine field observation, user feedback and 

phased maintenance response 

Create an evidence-based 

improvement cycle 

 

VI. CONCLUSION 
This paper examined smart landscape 

strategies for improving pedestrian comfort and 

outdoor experience along Nanning National 

Avenue. The findings show that the avenue already 

has a strong basis for smart and green public-realm 

development, including public transport 

connections, vegetation, lighting, information 

facilities and public-space nodes. However, 

comfort remains uneven, especially in relation to 

heat exposure, shade continuity, resting 
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opportunities and movement conflicts near transit 

interfaces. 

Thermal comfort is the most critical 

weakness, while smart lighting is the most 

positively evaluated smart facility. The study also 

shows that commuters experience lower comfort 

than residents and tourists, meaning that daily 

mobility spaces should be prioritized in future 

improvement. Overall, smart landscape strategies 

should not be understood as technology installation 

alone. They should operate as a comfort-service 

system that connects ecological shade, pedestrian 

circulation, resting facilities, adaptive lighting, 

practical information display and user feedback. 
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