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Abstract: With the intensification of global warming and urbanization, the urban heat island (UHI) effect has
increasingly exacerbated air pollution, particularly under high-temperature conditions, where ozone (Os) and fine
particulate matter (PMz.s) often exhibit frequent overlap and enhanced synergistic pollution. This poses serious
threats to urban ecological security and public health. Taking Shanghai as a case study, this research integrates land

R EHE | 2025-06-24 RIEHEH : 2025-07-18  $RAHHHEA  2025-07-21  HARHEA : 2025-08-13

H(EMEE | he wen qingl613@sina.com

S FUUE. M AAESES B A BN i E S A e R ST - DL R A BRARIEREEZ, 2025, 1(1): 1-
16.

https://www.brilliance-pub.com/xdkxts



-2 - AR GR 2025 A | 45 1 B

surface temperature data from remote sensing, ground-based meteorological observations, and multi-station air
quality monitoring to construct a three-dimensional coupling framework of heat island-pollution-meteorology. From
the perspectives of spatial-temporal distribution, formation mechanisms, and urban heterogeneity, the study
systematically reveals the pathways through which the UHI effect intensifies Os—PMaz.s synergistic pollution.

Results show that from 2015 to 2022, Shanghai's UHI intensity exhibited a clear center-to-periphery spatial pattern,
with more than 70% spatial overlap between areas of high heat intensity and synergistic pollution events. High
temperature, low wind speed, boundary layer suppression, and enhanced solar radiation jointly accelerate ozone
photochemical production and promote secondary transformation of particulate matter, leading to pollution
accumulation in urban cores. Comparative analysis across functional zones reveals that central business districts and
industrial parks present the most complex heat-pollution coupling mechanisms, with significantly higher event
frequency and intensity than eco-buffer zones and emerging residential areas, reflecting strong spatial heterogeneity
in pollution response.

Based on this mechanistic insight, the study proposes a multi-level synergistic regulation strategy integrating UHI
mitigation and air pollution control. Recommendations include optimizing urban ventilation corridors,
reconstructing green infrastructure networks, refining emission scheduling at the source, and enhancing climate-
responsive infrastructure. This research expands understanding of how urban thermal environments interact with
compound air pollution, offering theoretical support and practical guidance for risk response and resilient urban

development under extreme climate conditions.

Key words: urban heat island; ozone pollution; PM.s; synergistic pollution mechanism; remote sensing monitoring;
meteorological factors; spatial heterogeneity; ecological infrastructure
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