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Cross-country dependencies in fire weather enhance the danger of
extremely widespread fires in Europe

Emilie Gauthier1

, Yann Quilcaille

2

, Sonia I. Seneviratne

2

, Jakob Zscheischler

1,3

, and Emanuele

Bevacqua

1

1

Helmholtz Centre for Environmental Research-UFZ, Leipzig, Germany

2

Institute for Atmospheric and Climate Science, ETH Zurich, Switzerland

3

Technische Universität Dresden, Dresden, Germany

Wildfires are a significant natural hazard to European forest ecosystems and society. In recent

years, increases in wildfire activity have been attributed to climate change, with escalating impacts

on communities and ecosystems. While fire risk has been typically studied at individual locations

independently, spatially compound events–where multiple wildfires occur simultaneously across

different countries–have been overlooked so far. Such spatially compounding events can cause

large aggregated impacts and pose severe challenges, particularly in the context of shared

resources for wildfire response, as under the European Protection Agreement. To advance our

understanding of spatially-compounding wildfires, we analyze the spatial dynamics of such large

scale events across European countries. We use the daily-scale Burned Area dataset from the

Global Fire Emissions Database (GFEDv4) for the period 2001-2015 and the Canadian Fire Weather

Index (FWI) derived from ERA5 data for 1940-2023. By combining burned area with FWI data,

during the May-October fire season, we find that the top 20% of days with the highest European

area under FWI > 50 account for 60% of the total European burned area, all fires considered. By

focusing on FWI data, we reveal that cross-country dependencies in fire weather enhance the

likelihood of days affected by a larger fraction of Europe under extreme fire danger. Similar cross-

country dependencies are observed for burned areas. The spatial dependencies in FWI can be

linked to large-scale atmospheric patterns that favor fire-prone weather over different regions

simultaneously. Typical meteorological conditions profiles for the most extreme FWI events across

the continent indicate that persistent high-pressure systems, characterized by increasing

temperature and decreasing relative humidity prior to the events, are key drivers for widespread

FWI extremes. We also investigate recent trends in spatially compounding fire weather events

using reanalysis data and CMIP6 climate model simulations. These findings improve our

understanding of spatially compounding wildfires, serving as a basis for evaluating continental-

scale risk and guiding the response to high-impact events in the context of shared resources.
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