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. Material and methodology
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In this study, a novel estimation model for root-system states This study employs a multi-source data fusion method to L by < —

is developed from a digital perspective using airborne LiDAR and explore tﬁeeﬁeﬁfQOfvegetatlononherltageSItes D - e G o A SN —
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: . : . . Procedure
components of vegetation on soil-based heritages are linked e

through pixel clustering, feature extraction, and deep-learning
techniques.

We found that: (i) Model outputs match field surveys; (ii) Spatial
heterogeneity persists, with the southeast most disturbed by
root pressure,underscoring urgent control; (iii) Selective thinning
of dominant trees while retaining moderate canopy gaps best
lowers risk.

e ' STEP 1: Determination of Sam-
i pling Locations and Quadrats

Thisnovalframework offersanew lensfor soil-heritage protection,
fills the dual-impact assessment gap, and supports fine-scale,
multi-source management. Practically, this study informs policy
for heritage management and provides planning suggestions
aligning conservation with national strategies for Yangzhou
ancient city ruins.
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The impact of plant roots on ancient city walls is gradual and cumulative.

~ 5| > Initially minor, it can worsen over time, eventually causing severe or This study additionally explores root-
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