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Ambient gamma dose rate represents the integrated near-surface gamma radiation field resulting

from contributions of terrestrial radionuclides and radon progeny, secondary cosmic radiation,

and atmospheric radiation sources. Continuous monitoring of ambient gamma dose rate

constitutes a fundamental component of radiological early-warning systems, as it provides a direct

operational proxy for external radiation exposure to population. Time series of ambient gamma

dose rate exhibit variability over a wide range of temporal scales, including short-term anomalies

driven by meteorological processes, geophysical conditions, or anthropogenic influences. Accurate

characterisation of these anomalies, and robust discrimination between natural drivers - such as

soil–atmosphere exchange processes, boundary-layer dynamics, and hydrometeorological forcing

- and potential anthropogenic contributions, is essential for enhancing early-warning capabilities

and improving the detection of anomalous radioactive releases. A key challenge in this context is

the scarcity of high-resolution, high-quality collocated meteorological observations required to

support such analyses.

This study presents a detailed characterization of anomalies in ambient gamma dose rate using

comprehensive meteorological information and high-resolution (1-min) gamma dose-rate

measurements from the Eastern North Atlantic (ENA) observatory, part of the U.S. Department of

Energy’s Atmospheric Radiation Measurement (ARM) Program. Through the joint analysis of

gamma radiation and a broad set of meteorological parameters - including precipitation, eddy

covariance fluxes, aerosol properties, and lidar derived atmospheric structure - we identify and

classify distinct types of short-term gamma radiation anomalies. These include precipitation-

induced enhancements, quasi-daily anomalies associated with stable nocturnal boundary-layer

conditions and near-surface radon accumulation, and anomalies linked to long-range transported

dust events. This AI-ready, supervised dataset enables detailed investigation and modelling of

ambient gamma dose-rate variability in the Azores and provides a transferable framework for



training machine-learning algorithms to automatically classify gamma radiation anomalies at

monitoring sites lacking comprehensive meteorological instrumentation.

 

The present study is part of project NuClim (Nuclear observations to improve Climate
research and GHG emission estimates). Project NuClim received funding from the EURATOM
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NuClim field campaign at the Eastern North Atlantic, Graciosa Island ARM Observatory is
supported by the U.S. Department of Energy (DOE), Office of Science, through the ARM
Program.
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