CLIMATE MEETS POLLUTION: DUAL-MODEL MAPPING OF LIMESTONE
SURFACE RECESSION ACROSS BIOGEOGRAPHICAL EUROPE
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Increasingly exposed to the combined impacts of climate change and air pollution, limestone monuments are undergoing accelerated material degradation. This study applies a dual-model approach to
quantify limestone surface recession at 15 heritage sites between 1992 and 2023, using two dose-response functions: Lipfert (focused on precipitation-driven acid dissolution) and Kucera (multi-pollutant
based). Sites were selected to represent a broad spectrum of climatic conditions, pollutant exposure levels, and biogeographical zones across Europe, including continental, alpine, and Mediterranean
regions, both urban and rural contexts. These include Sarajevo, Krizevic¢i, Kopo$i¢i, Blidinje, Ravanjska Vrata (BiH), Mramorje (RS), Split and Velika Cista (CRO), Zugi¢a Bare (MNE), Mdina Rabat (MT),
Hundskirche (AT), Unsleben and Kleinbardorf Jewish Cemeteries (DE), and Caen (FR). Harmonized environmental datasets (SO,, NO,, PMio, temperature, and precipitation) reveal divergent model
sensitivities: Lipfert estimates are higher in humid, high-rainfall zones (Zugi¢a Bare), while Kucera better reflects pollutant-driven deterioration in urban contexts (Sarajevo, Mdina Rabat). These findings
highlight site-specific degradation dynamics shaped by climate and air quality interactions. This evidence-based approach supports integrated risk mapping and the development of adaptive conservation
policies at regional and European levels.
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