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Abstract: Vegetation phenology reflects the integrated responses of ecosystems to climatic conditions, land surface modifications, and
anthropogenic disturbances, and serves as a critical indicator for assessing ecosystem feedbacks to urbanization and climate change. Rapid

urban expansion has substantially altered surface thermal environments, vegetation structure, and ecological processes, leading to
differentiated phenological responses among urban cores, towns, and surrounding rural areas. Although previous studies have documented

urban — rural phenological contrasts, most analyses have relied on moderate-resolution remote sensing products, which are subject to mixed-
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pixel effects and limited capacity to resolve fine-scale urban heterogeneity. Systematic investigations based on high spatial resolution data
across large spatial extents remain insufficient. This study aims to (1) extract high-resolution vegetation phenology>fugtrics for major

Chinese cities using Sentinel-2 imagery, uantify phenological differences along the urban - town - rural gr die xamine how

these differences vary across “a@m types, climatic zones, and city-size categories. This study algp

h-resolution

vegetation phenology for major Chinese cities using Sentinel-2 imagery, (2) quantlfy the urban -

town - rural ﬁ (3) examine how these differences vary across vegetation types 1t -si categorles Using
Sentin T

om the Copernicus program (2019-2024), Enhanced Vegetation Index (EVI) 1@/&3&: constructed for 128 cities

China and their adjacent town and rural areas. A dynamic threshold approach was appli act the Start of Season (SOS) and
End of Season (EOS) from annual EVI trajectories. To ensure biological plau51b1h d?(%g\}cal metrics were constrained within
%ound based observations and compared with the

moderate-resolution MCD12Q2 phenology product to assess absolute accuracy usmg MAE and RMSE metrics. Urban - town - rural

reasonable day-of-year ranges. The derived phenological dates were validated a

differences were quantified for each city and subsequently analyzed across vegetation types, climatic zones, and city-size classes. Statistical
comparisons and regression analyses were employed to evaluate spatial heterogeneity and scaling patterns. Validation results indicate that
Sentinel-2-derived phenology exhibits substantially lower MAE and RMSE values than the MCD12Q2 product, demonstrating improved
absolute accuracy under heterogeneous urban landscapes. Nationally, urban vegetation shows a consistent spring advancement and autumn
delay relative to surrounding areas. On average, urban SOS occurs 1.26 days earlier than in towns and 1.49 days earlier than in rural areas,
while urban EOS is delayed by 1.51 days and 1.25 days relative to towns and rural areas, respectively, indicating an extended growing
season in urban environments. Phenological responses vary significantly among vegetation types. Forest ecosystems exhibit the strongest
sensitivity to urbanization, showing the largest magnitude of spring advancement and autumn delay. In contrast, other vegetation types
display comparatively moderate responses. Climatic background further modulates urbanization effects. The temperate climate zone shows
the most pronounced urban-rural phenological contrasts, whereas subtropical and tropical zones exhibit weaker and less stable differences.
City size also influences phenological patterns. The advancement of urban SOS generally intensifies with increasing city size, suggesting a
scaling effect associated with enhanced urban heat island intensity. However, the delay of EOS is more evident in small and medium sized
cities and may weaken or even re in megacities, possibly due to complex interactions among thermal stress, vegetanon ment
and land surface heterogeneif @1\&118 study provides high-resolution, large-scale evidence of differentiated vegq?ﬁo enologlcal
responses to urbani Pég;l xpans10n systematically modifies growing season dynamics, charac ﬁ arlier spring onset
c

and delayedﬁ\@l f;.(@ .% the magnitude and direction of these effects depend on vege \‘ﬂ
city si W .

magery and a dynamic threshold extraction framework, th1s
of urban ph ent compared with conventional moderate-resolution produc he ﬁndlngs enhance understanding of how

limatic background, and

roves the quantitative reliability

urbamzatlo &gh&pes ecosystem seasonal dynamics and contribute to clarifying the socio-ecological implications of phenological shifts.

The ts provide scientific support for sustainable urban planning, ecological infrastructure optimization, and climate adaptation
égles under continued urban expansion.

Key words: remote sensing, urbanization, vegetation phenology, Sentinel-2, dynamic threshold method, gradient difference
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