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Urban risk management increasingly depends on evidence-based methods that can integrate fragmented hazard records,
climatic observations, and spatial exposure patterns into transparent, decision-relevant outputs. This study develops a
GIS-based multi-hazard risk assessment workflow for Aveiro city in the center of Portugal, designed to consolidate
fragmented historical records and monitoring sources into a harmonized, scenario-based assessment, and to generate
comparable risk maps across compound and cascading events. Aveiro is a coastal city with two rivers, Boco and Vouga,
which flow through a multiple channels system and end in Aveiro Lagoon (Ria de Aveiro). The workflow is motivated by
the current absence of a unified disaster database in Portugal, where relevant datasets are dispersed across repositories,
characterized based on different criteria, more focused on big cities (Porto and Lisbon), and biased toward extreme
events, limiting systematic characterization.

In this work, the probability of occurrence for flood hazard is represented through a probabilistic scenario-based structure
driven by precipitation and peak flow, complemented by land-use permeability and topographic indicators.

Flood risk was quantified using a semi-quantitative framework, defined as the interaction between flood hazard and an
aggregated consequence indicator integrating human, built, and housing systems. To preserve spatial realism when
transferring hazard information to census-based units, hazard values were summarized using polygon means rather than
maxima, reducing saturation effects and limiting systematic overestimation of risk. Three scenarios are analyzed: (1)
heatwave or prolonged dry-period followed by intense rainfall, generating pluvial/flash/fluvial flooding; (2) concurrent
coastal, fluvial, and flash flooding, where tidal gates in the city cannot contribute as an adaptive capacity which leads to
intense inundation duration and drainage failure; and (3) flooding leads to pollution risk where inundation mobilizes
contaminants via sewer and drainage overflow, causing impacts after floodwater recession. The proposed framework and
GIS workflow provide a practical pathway for evidence-based multi-hazard assessment.
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