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Fig. 1 Map of automatic seismic detections (circles) between January and November, 2022 (from Dando et al., 2023). Detections are
coloured by date of occurrence and scaled by magnitude. Detections before the start of the invasion on February 24 are shown
in grey. Locations of individual seismic sensors of the Malyn array are shown by white triangles. The location of the Cher-

nobyl nuclear power plant is indicated. Scale bar, 50 km
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Timeline of automatic seismic detections (from Dando et al., 2023). The histogram distribution separates daily detections dur-
ing nighttime (blue) and daytime (green). The black line shows the cumulative number of detections, whereas the red line
shows the cumulative events with observable acoustic signals. The cumulative number of reported Liveuamap events is shown
by the orange line. The start of the Russian invasion is indicated by the dashed red line and the reported Russian withdrawal
from the Kyiv region is shown by the dotted red line. Labelled arrows point to specific example attacks shown in Fig. 4
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Density plots of the automatic seismic detections for various time periods (from Dando et al., 2023). Individual detections are
shown by blue (nighttime) and green (daytime) dots. The location of the Malyn seismic array is shown by the white triangles.
Each panel is scaled to its maximum value. (a) Pre-invasion period from January 1 to February 23, 2022, with a maximum
event density of 0.09 km ™. (b) Immediately after the Russian invasion from February 24 to March 6, 2022, with a maximum
event density of 0.11 km™. (c) Period of intense fighting from March 7 to April 5, 2022, with a maximum event density of
0.73 km™>. (d) Period after the reported Russian withdrawal (April 2, 2022) from April 6 to November 3, 2022, with a maxi-
mum event density of 0.25 km ™. The grey shaded areas in (b) and (c) indicate regions occupied by Russian troops. Scale bars,
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Data examples from individual explosions (from Dando et al., 2023). (a) Hostomel Airport attack. (b) An explosion at an oil
depot in Chernyakhiv. (c¢) An airstrike on Chernihiv, the largest military explosion recorded. (d) An unreported explosion
northeast of Malyn. (¢) A missile strike at Malyn train station. Selected waveforms are shown at various distance ranges from
the source. One spectrogram example per event is shown below the waveform of the respective station. P-wave (P), S-wave
(S), acoustic wave (IS) and surface wave (Rg) are labelled by arrows in blue, red, green and yellow, respectively. Event mag-
nitudes are indicated. Inset maps in (a) and (e) (scale bars, 1 km) show the automatic event location (red star) and the manu-
al event location including acoustic arrivals (green star) compared with the ground-truth location (yellow circle). These loca-
tions are provided in Extended Data Table 2. (f) Map indicating the example event locations as red circles and labelled A—E.

Green circles show all events with detected acoustic arrivals and grey circles without observable acoustic arrivals. Scale bar,
50 km
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