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Supplementary Methods 

 

In this study, the volcanic tremor is considered within two frequency bands: Very-Long-Period 

(VLP 0.4-0.6 Hz) and Long-Period (LP 1-5 Hz). Using the Principal Component Analysis 

(PCA) on the log-normalised tremor amplitude values, the temporal variation of these two 

components is analysed. Supplementary Figure 1 shows the result of the PCA data 

decomposition. The first principal component (PC1) is mostly related to the absolute 

amplitude, while the second principal component (PC2) mostly depends on their ratio. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure 1: Graphical representation of the PCA data decomposition. The 

whole dataset is represented with black circles as a function of the log-normalized VLP and 

LP amplitudes. The eigenvectors representative of the two PCA components are shown as red 

(PC1, first principal component) and blue (PC2, second principal component) arrows. 



 

 

Temperature data from weather balloons released at Güímar (station 60018) on Tenerife, 

Canary Islands (Spain), is provided by the University of Wyoming, Department of 

Atmospheric Science (http://weather.uwyo.edu/), which are used to construct the 0°C, -10°C 

and -20°C isotherms (Figure 1 in main text). To ascertain, however, that these measurements 

represent the conditions on La Palma as well, the data was compared to temperature 

measurements from two fixed weather stations on La Palma, at El Paso (altitude of 844 m) and 

Roque de los Muchachos (altitude of 2223 m) carried out by the State Meteorological Agency 

(AEMET) of Spain. The comparisons are shown in Supplementary Figures 2 and 3 for El Paso 

and Roque de los Muchachos, respectively. Although the temperature difference between night 

and day is greater for the local stations on La Palma (AEMET), the overall trend is very similar 

between the two data sets. Therefore, we concluded that the Güímar data is sufficiently accurate 

to construct the different isotherms. 

 

Supplementary Figure 2: Comparison of temperature measurements at El Paso, La Palma, 

and Güímar, Tenerife, at ~844 m altitude. The temperature at El Paso (red line) is measured 

each day at 00:00 and 12:00 UTC by a fixed weather station operated by the State 

Meteorological Agency (AEMET) of Spain. The temperature data of Güímar (station 60018, 

blue line) is obtained from weather balloons that are released twice a day (at 00:00 and 12:00 

UTC) and is provided by the University of Wyoming. 

http://weather.uwyo.edu/


 

 

Supplementary Figure 3: Comparison of temperature measurements at Roque de los 

Muchachos, La Palma, and Güímar, Tenerife, at ~2223 m altitude. The temperature at Roque 

de los Muchachos (red line) is measured each day at 00:00 and 12:00 UTC by a fixed weather 

station operated by the State Meteorological Agency (AEMET) of Spain. The temperature data 

of Güímar (station 60018, blue line) is obtained from weather balloons that are released twice 

a day (at 00:00 and 12:00 UTC) and is provided by the University of Wyoming. 

 

 

Supplementary Results 

 

The electrical activity recorded on 3 and 4 November 2021 is provided in Supplementary 

Figure 4 together with close-up plots of the different electrical signatures that were detected 

chronologically. Supplementary Figure 5 displays the difference between two phases of lava 

fountaining observed during the study case of 3-4 November. Lava fountaining on the evening 

of 3 November generated a relatively dense, turbulent 3-km tall ash plume. The initial diameter 

of the eruption column varied between 300-500 m. In comparison, a lava fountaining phase on 

the evening of 4 November emitted less ash and did therefore not form such a dense ash plume. 

Instead, the initial diameter of the eruption column was smaller (100-200 m).  



 

 

  

Supplementary Figure 4: Full signal and snapshots of dominant electrical activity observed 

in chronological order on 3 and 4 November 2021. All panels show the voltage (V) measured 

by the primary (black line) and secondary (orange line) antennas of BTD2. a) Electrical 

activity measured between 21:00 UTC on 3 November and 00:00 UTC on 5 November 2021. 

This panel is the same as Figure 4b in the main text, but with a smaller y-axis to visualise the 



 

 

difference in amplitude of the various electrical signals better. The blue vertical bars indicate 

the time windows of the snapshots shown in panels b-i. b) Individual high-amplitude electrical 

discharges (type 1 signal); c) Less frequent electrical discharges (type 1 signal) with measured 

voltages an order of magnitude lower than in panel b. Due to the lower magnitude of the 

electrical discharges, the movement of charge becomes visible in the electrical data (type 5 

signal); d) Faint electrical discharges that remained mostly undetected by the volcanic 

lightning detection algorithm (type 4 signal); e) Bursts of quasi-continuous electrical 

discharges lasting ~3-10 seconds long (type 3 signal); f) Burst of quasi-continuous electrical 

discharges of slightly longer duration (up to ~45 seconds) than in panel e (type 3 signal); g) 

Ash fall at the sensor, producing electrical signals of opposite polarity at the two antennas 

(type 6 signal); h) Individual high-amplitude electrical discharges (type 1 signal); i) Minutes-

long burst of quasi-continuous electrical discharges (type 2 signal). Note the different scale on 

the y-axis for each panel. 

 

 

 

Supplementary Figure 5: Thermal infrared frames showing two different phases of lava 

fountaining. a) Ash-rich lava fountaining at the main vent producing relatively dense, 

turbulent eddies and a 3-km tall ash plume at 23:44:55 UTC on 3 November 2021. A second 

vent is currently active on the lower right. b) Lava fountaining at 23:48:13 UTC on 4 November 

2021, emitting less ash in comparison to the explosive activity on the evening of 3 November 

shown in panel a. As a result, no dense ash plume was formed. 


