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Urbanization intensifies urban thermal environment (UTE) degradation. While urban morphology affects UTE, its
nonlinear, cross-city contributions under shared climatic conditions remain understudied. We analyze 11 cities in
China’s Greater Bay Area (GBA) using LightGBM and SHapley Additive exPlanations (SHAP) to reveal nonlinear
relationships between urban form and daytime/nighttime summer land surface temperatures. Results show NDVI
is the strongest cooling factor, with peak effectiveness at 0.6-0.8, beyond which benefits diminish. Water cools
during the day but loses efficacy at night, except in Hong Kong and Guangzhou, revealing intra-regional het-
erogeneity. Landscape Shape Index (LSI) increases daytime warming but saturates at high values—Foshan and
Dongguan shift to cooling at LSI > 1.2, while Macao shows amplified warming. Building heights >20 m exac-
erbate nighttime heat, especially at 20-40 m. High floor area ratio (FAR) generally worsens UTE, yet Hong Kong
and Zhuhai exhibit anomalous daytime cooling. We propose a novel classification method based on the nonlinear
response patterns of urban morphologies to UTE, enabling data-driven city clustering. Using this approach, cities
are grouped into four UTE-behavior clusters: (1) balanced forms (Dongguan, Foshan, Zhongshan), (2) extensive
green spaces (Guangzhou, Huizhou, Zhaoqing), (3) complex environments (Hong Kong, Macao, Zhuhai), and (4)
diverse green spaces (Shenzhen, Jiangmen). This typology captures morphological-thermal synergies. By
isolating morphological drivers in a climatically homogeneous region, our study reveals critical thresholds and
divergent thermal responses, underscoring the need for city-specific mitigation. The framework advances
nonlinear UTE analysis and supports climate-resilient urban design in rapidly urbanizing regions.

1. Introduction to UTE is critical for designing sustainable cities capable of addressing

the challenges posed by urban heat.

The deterioration of the Urban Thermal Environment (UTE) is a
byproduct of urbanization (Ji et al., 2023), further exacerbated by the
concentration of industrial and recreational activities in cities. In rapidly
growing regions such as East and Southeast Asia, urbanization is inev-
itable and is accompanied by UTE-related issues, including urban
(Feinberg, 2023) heat islands, CO, emissions, land degradation, public
health deterioration, and social inequality. According to the IPCC 2022
assessment report (Shukla et al., 2022), global temperatures are pro-
jected to rise by 0.2 °C per decade, which further intensify both
ecological and economic losses in the Anthropocene (Feng et al., 2021).
Against the backdrop of global warming, the influence of environmental
factors on UTE has become increasingly pronounced, as urban
morphology and green spaces are closely correlated (S. Wang et al.,
2024). Therefore, understanding the environmental factors contributing
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The lives and health of urban residents are increasingly affected by
the prolonged deterioration of UTE (Buchin et al., 2016), and the
duration of this effect continues to increase. Research on urbanization
effects indicates that local climate is susceptible to the compounded
influences of factors such as heat generated by urban development,
urban dynamic characteristics, and industrial emissions, leading to the
deterioration of not only the daytime thermal environment but also the
nighttime one (Qiao et al., 2024; Y. Wang et al., 2024). The deterioration
of the daytime thermal environment, which is directly related to public
health and urban production activities, has been thoroughly investi-
gated in previous research (Tehrani et al., 2024; Yang & Zhao, 2024).
These studies have identified key drivers, including intense solar radi-
ation during the day, urban canopy morphology, and changes in surface
energy budgets due to various types of human activities (Coutts et al.,
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segregation in urban spaces reflects such gender inequality, while previous studies have insufficiently quantified
it. This paper addressed this gap using a human mobility big data approach to gender segregation that unfolds in
residential, workplace, daytime and nighttime activities. It further examined the role of crime in shaping gender
segregation because women's fear of crime is an invisible constraint on their activities when using urban spaces.
The mobility trajectory of 16,574,877 mobile phone users in Guangzhou, China were examined for this end. We
found a more salient gender segregation of daytime and nighttime activities than residential and workplace
activities, and a positive association between crime rate and gender segregation that is stronger in the suburbs. In
particular, violent and property crimes are significantly associated with residential gender segregation, while
robbery crimes influence workplace gender segregation. Notably, sex assaults have significantly increased
nighttime activity gender segregation. Overall, this paper advances the understanding of gendered urban spaces
and social segregation, offering critical insights for policy and planning aimed at building more gender-inclusive
cities.

Gendered space
Gender equity
Human mobility big data

1. Introduction services, and opportunities, thereby improving their overall well-being.

However, transforming gendered urban spaces to ensure equitable use

Driven by the “New Urban Agenda” from the United Nations Human
Settlement Programme (UN-Habitat), urban planning is increasingly
prioritizing gender inclusivity and the needs of women, aiming to create
cities that serve all individuals equitably (Mostofa et al., 2024). This
objective aligns directly with the United Nations Sustainable Develop-
ment Goals (SDGs), particularly those focused on achieving gender eq-
uity and fostering sustainable cities (United Nations UN, 2015).
Concurrently, a growing number of global organizations are addressing
how to make cities more accommodating for women through research,
policy advocacy, and improved public transportation design
(UN-Habitat, 2012a,b). Historically, urban spaces were designed in
ways that favored men, creating spatially fixed opportunities for polit-
ical and social engagement. For women, these opportunities are further
constrained by a pervasive fear of crime, which ultimately limits their
rights (Beebeejaun, 2017). Therefore, achieving gender inclusivity is
crucial for significantly enhancing women's access to employment,
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remains a considerable challenge, necessitating sustained and collabo-
rative efforts to effectively integrate gender perspectives into urban
development strategies.

The general manifestation of gendered urban spaces is the gender
segregation in daily activities. Currently, there are multiple dimensions
of gender segregation issues, especially in China, such as gender dif-
ferences in employment among migrant workers, gender income
inequality caused by occupational segregation, and the division of labor
within households (Zhang & Wu, 2017; Zhang, 2020). However, in
recent years, individuals and other elements of urban life are no longer
bound to localized production and exchange but instead engage in daily
activities through mobility (Nilforoshan et al., 2023; Wang et al., 2018;
Cai et al., 2024). A new academic trend has emerged, redirecting focus
toward activity patterns closely tied to space use and exposure dispar-
ities. The core of this shift lies in the evolution of the research paradigm,
moving from an emphasis on static residential segregation to a more
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Abstract

Previous research has primarily focused on the restorative effects of environments on the
general population, often overlooking the specific restorative capacity of urban settings for
the disabled population. There is a lack of comprehensive investigation into the interaction
between accessibility elements and urban restorativeness. This study, conducted in Shen-
zhen, Guangdong Province, China, categorizes streetscape accessibility elements for the
disabled population and develops a recognition system based on an enhanced DeeplabV3+
framework. Semantic segmentation of streetscape accessibility elements was performed
using 201,860 sampling points and 807,440 street view images. This study employed a
combination of TrueSkill scoring, sentiment semantic analysis, LDA topic modeling, and
LAB color clustering to quantify and visualize urban restorativeness. The impact of accessi-
bility elements on urban restorativeness was explored using the XGBoost-SHAP model.
Results indicate significant effects of architectural space constraints and high-density motor
vehicle distribution on the safety of the disabled population’s mobility. The low pixel
ratio of accessibility facilities and signs indicates insufficient infrastructure, while high
landscape recognition rates exhibit significant spatial coverage heterogeneity. Detection
rates for the disabled population in street views are nearly zero, highlighting a severe lack
of inclusivity in pedestrian environments. Urban restorativeness exhibited a pattern of
being higher in the south and east, and lower in the north and west. Among the accessi-
bility elements, public green spaces (PGS) contributed the most to urban restorativeness,
accounting for 25% of the impact, and the study elucidates the mechanisms through which
various elements affect urban restorativeness. This absence stems from spatial competition,
missing co-design, threshold effect conflicts, and color interference mechanisms. This re-
search breaks away from traditional linear analytical frameworks and reveals the complex
non-linear relationship between accessibility elements and urban restorativeness through
the XGBoost-SHAP model, providing a quantitative decision-making tool for planning
accessible environments in high-density cities.

Keywords: streetscape accessibility elements; urban restorativeness; deep learning
recognition system; explainable machine learning models; shenzhen
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Abstract: Traditional street perception evaluation methods
are generally limited by high costs and limited coverage, while
conventional computer vision models struggle to accurately
characterize residents' emotions in street spaces. To address
these limitations, this study establishes a street perception
evaluation framework based on large language models (LLMs)
and an integrated analytical process of street view images, text
descriptions, and emotion classification. Using approximately
120 000 street view images collected in Shenzhen, this study
employs a fine-tuned LLM to generate street perception
descriptions, which are further mapped into three emotional
dimensions (i.e., pleasure, comfort, and irritation), and their
spatial distributions are then mapped. Spatial environmental
indicators such as the green view index and sky view index are
extracted via semantic segmentation models, and regression
models are employed to reveal the association between street
perception and spatial environmental indicators. The results
show that street perception in Shenzhen exhibits significant
spatial heterogeneity. Continuous tree canopy and open, visually
permeable streetscapes contribute to positive emotions, whereas
excessive enclosure and cluttered visual environments induce
negative emotions. The green view index and sky view index are
key factors for enhancing positive emotions. This study confirms
that LLMs enable large-scale and fine-grained evaluation of
street perception while providing in-depth narrative insights. It
offers empirical evidence and technical support for street quality
improvement and people-oriented urban design.

Keywords: large language model; street perception; built
environment; street view image; GenAl
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