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ARTICLE INFO ABSTRACT

Keywords: Atmospheric rivers (ARs) significantly impact hydrometeorological conditions by transporting large amounts of
Atmospheric rivers heat and water vapor, often resulting in extreme weather events and geohazards such as landslides. While the
Snowmelt

role of ARs in producing extreme rainfall and related landslides is well established, their influence on landslides
through temperature-driven snowmelt remains poorly understood. Here, we examine this mechanism using 330
recorded landslides from February to April 2022 across the North Anatolian Mountains (Tiirkiye). Our results
demonstrate that ARs significantly contributed to snowmelt (up to 250 mm per event), stimulated by abrupt
temperature increases (up to +6 °C) and rain-on-snow conditions, with rainfall and snowfall reaching up to 100
mm and 40 mm, respectively; all differences were statistically significant (p < 0.01) when comparing AR and
non-AR days. These processes shifted landslide activity to higher elevations and steeper slopes over time, with
median values rising from 330 m to 549 m and 16° to 21°, respectively. The results highlight the compound
effect of ARs on landslide initiation and suggest that warming-driven snowmelt can substantially contribute to
slope destabilization. This study provides a framework for understanding AR-related landslide hazards in other
midlatitude mountain regions, including the Pacific Rim, the Andes, High Mountain Asia, and the Alps. As
climate change is projected to amplify the frequency, intensity, and spatial extent of ARs, the risk of AR-induced
geohazards is therefore likely to intensify further in such mountainous regions.

Snowmelt-induced landslides
Landslide inventory

1. Introduction (ii) local moisture convergence along trailing cold fronts (Sodemann and

Stohl, 2013). Moisture gathered in the warm sector of cyclones plays a

Atmospheric rivers (ARs) are narrow, horizontal corridors of high
water vapor content and strong low-level winds, typically extending
over 2,000 km in length and a few hundred kilometers in width. They
are usually observed in the warm sector ahead of the cold front of mid-
latitude cyclones and are responsible for transporting ~90 % of the
water vapor from low latitudes toward the poles (Guan and Waliser,
2015; Zhu and Newell, 1998). The primary source of this water vapor is
the evaporation from the oceans (Zhu and Newell, 1994).

AR genesis is driven by two fundamental processes: (i) direct pole-
ward transport of tropical/subtropical moisture (Bao et al., 2006) and
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more critical role in AR formation than long-distance transport from
tropical/subtropical regions. Notably, over 80 % of ARs are associated
with extratropical cyclones (Dacre et al., 2015; Zhang et al., 2019).
ARs can lead to severe weather events, including strong winds
(Waliser and Guan, 2017), extreme precipitation (Blamey et al., 2018;
Lavers & Villarini, 2013), rapid snowmelt (Bozkurt et al., 2021; Henn
etal., 2020; Wille et al., 2019, 2024), or compound events involving two
or more of these phenomena (Ridder et al., 2018; Rondanelli et al.,
2019; Wille et al., 2025). Consequently, they can trigger significant
hydrometeorological and geomorphological hazards such as floods

Received 19 July 2025; Received in revised form 26 September 2025; Accepted 28 September 2025

Available online 30 September 2025

0341-8162/© 2025 Elsevier B.V. All rights are reserved, including those for text and data mining, Al training, and similar technologies.


https://orcid.org/0000-0002-2487-3979
https://orcid.org/0000-0002-2487-3979
https://orcid.org/0000-0001-9407-7946
https://orcid.org/0000-0001-9407-7946
https://orcid.org/0000-0003-1021-8241
https://orcid.org/0000-0003-1021-8241
https://orcid.org/0000-0003-2024-0565
https://orcid.org/0000-0003-2024-0565
https://orcid.org/0000-0002-0609-2140
https://orcid.org/0000-0002-0609-2140
mailto:aslanhar20@itu.edu.tr
www.sciencedirect.com/science/journal/03418162
https://www.elsevier.com/locate/catena
https://doi.org/10.1016/j.catena.2025.109503
https://doi.org/10.1016/j.catena.2025.109503
http://crossmark.crossref.org/dialog/?doi=10.1016/j.catena.2025.109503&domain=pdf

	Atmospheric rivers catalyze snowmelt and contribute to chains of landslides
	1 Introduction
	2 Materials and methods
	2.1 Detection of Atmospheric rivers (ARs) and reanalysis datasets
	2.2 Landslide database
	2.3 Visual inspections and univariate analyses
	2.4 Multivariate analyses

	3 Results
	3.1 AR detection and associated meteorological footprint
	3.2 ARs as catalysts for meteorological extremes and landslides
	3.3 Multivariate controls on landslide occurrence

	4 Discussion
	4.1 Subregional hydrometeorological variability and landslide activity during ARs

	5 Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	Appendix A Supplementary material
	Data availability
	References


