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Since the 1980s, East Asian cities, particularly those in China,

have gradually become the regions with the highest proportion of
new built-up areas exposed to high flood risk worldwide during
rapid urbanization" . In recent years, many parts of China have
experienced frequent large-scale heavy rainfall and flooding events,
and the persistent pattern of disasters underscores the severe
challenges that rapidly urbanizing regions are facing under climate
change.

The vulnerabilities exposed by flooding manifest across
multiple dimensions. For instance, floodwaters rapidly inundate
underground spaces, disrupting transportation and municipal
services; rescue, debris removal, loss assessment, and infrastructure
repair operations are placed under sustained pressure; agricultural
production suffers severe setbacks due to inundated farmland and
damaged cropland; and older adults as well as people with limited
mobility are particularly at risk. These phenomena not only reveal
the fragility of urban infrastructure under extreme events but also
highlight the differentiated risks and inequalities experienced by
various social groups during disasters.

From the perspective of disaster causation, the spatiotemporal
concentration of rainfall and runoff constitutes the core mechanism
of flood. Similar to the systematic risks triggered by the excessive
concentrations of pedestrian, vehicular, or energy flows, the
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clustering of rainfall and runoff may also make urban drainage
systems overloaded or fail. The consequences extend beyond
traffic disruption to significant economic losses and threats to
human safety. Under the dual pressures of rapid urbanization and
climate change, flood risk has become increasingly severe. In the
process of urban expansion, large tracts of land are covered by
impervious surfaces, reducing infiltration and natural retention
capacity, thereby accelerating runoff accumulation. At the same
time, climate change increases the uncertainty of precipitation
patterns, and the growing frequency of extreme weather events
exposes the limitations of existing flood-control measures. In this
context, practitioners engaged in sustainable spatial development
must urgently explore and implement more resilient hydrological
management strategies to enhance the full-cycle resilience of urban
and rural areas against storm events and to advance integrated
flood governance.

Against this backdrop, “risk identification” has become a critical
component of flood research, emphasizing a holistic understanding
of potential hazards, exposed areas or populations, and their
vulnerabilities, as well as the quantitative assessment of potential
impacts® ™. Key questions include: to what extent will the extremity
of rainfall and runoff intensify under climate change, which areas
will face greater risks, and what losses might occur? Although



flood risk assessment frameworks differ across domestic and
international scholarship, their common goal is to understand

the probability of disasters and the magnitude of potential losses.
Quantifying the functional disruption of urban systems, along with
identifying and evaluating key risk nodes and evacuation routes,
facilitates further analysis of the spatial and temporal distribution
of flood risks and their implications for social equity™.

At the same time, “resilience enhancement” represents a
more dynamic and systemic approach to flood governance'®”.,
Effectively addressing the intense spatiotemporal clustering
of flows requires more than traditional drainage and storage
measures; it calls for strategies analogous to traffic diversion
and peak-shifting, implemented through multiscale, integrated
system-level regulation. This includes the coordinated urban-
rural and upstream-downstream allocation of water resources
across scales, the optimal use of core and peripheral urban
zones, and the temporal and spatial regulation of runoff within
cities. From a strategic perspective, adopting multi-objective
intelligent optimization or dual-use systems that support both
routine operation and emergency response, enabling the efficient
allocation of limited resources, constitutes a critical direction for
further exploration'®™.

In summary, urban flood risk identification and resilience
enhancement have become key topics among interdisciplinary
research. From the perspectives of landscape architecture,
hydrology and water resources, public policy, and emergency
management, further efforts are needed to develop planning and
design methods and technological paths centered on disaster
prevention and mitigation. Such approaches can not only deepen
the application of resilient urban construction theories in
stormwater management but also provide systematic theoretical
support for urban disaster prevention planning and emergency

decision-making.
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