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Supplementary Figure 1. Temporal evolution of synoptic climatology during the 2018 Beast 27 

from the East. Shaded contours show ERA51 reanalysis weekly composited near surface (2 28 

m) air temperature anomalies relative to the 1981-2010 baseline. Grey contours represent 29 

weekly composited sea level pressure (4 hPa intervals) with dominant high (H) and low (L) 30 

pressure centres indicated. Square indicates Pallas-Yllästunturi National Park, Arctic Finland. 31 

Base maps derive from the ETOPO5 gridded elevation dataset 32 

(http://www.ngdc.noaa.gov/mgg/global/etopo5.HTML). 33 
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Supplementary Figure 2. Winter 2017-18 Pallas water vapour isotope data relation to 39 

moisture source region. Linear relation between Pallas vapour 18O and 2H between 20 40 

December 2017 and 31 March 2018 (5-minute averages). Symbols and isotopic water vapour 41 

lines are categorised into vapour source regions (inset) identified using HYSPLIT trajectory 42 

analysis: (1) Barents (2) Eurasia (3) Baltic, and (4) Atlantic. Marine boundaries between the 43 

Barents – Atlantic – Baltic regions derive from the National Snow and Ice Data Centre. The 44 

location of Pallas-Yllästunturi National Park, Finland, is indicated (black square), and the 45 

mean February 2018 sea ice cover is depicted in light grey shading2. Base map derives from 46 

the ETOPO5 gridded elevation dataset 47 

(http://www.ngdc.noaa.gov/mgg/global/etopo5.HTML).   48 
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Supplementary Figure 3. Pallas back-trajectories during Barents Pulse. Modelled 72 h back-56 

trajectories initiated at Pallas (square) every hour during the period 19 – 27 February 2018 57 

using the Global Data Assimilation System (GDAS) atmospheric reanalysis. Coloured circles 58 

along trajectories depict hourly values of air parcel (a) atmospheric boundary layer (ABL) 59 

height above ground level (agl), and (b) time from Pallas. Contour lines represent mean sea 60 

level pressure during the corresponding interval from ERA5 reanalysis1, and the black solid 61 

lines show the mean sea ice edge during the corresponding interval2. Base maps derive from 62 

the ETOPO5 gridded elevation dataset 63 

(http://www.ngdc.noaa.gov/mgg/global/etopo5.HTML). 64 
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Supplementary Figure 4. Pallas back-trajectories during Barents Pulse 1-3. Modelled 72 h 75 

back-trajectories initiated at Pallas (square) every hour using the Global Data Assimilation 76 

System (GDAS) atmospheric reanalysis. Coloured trajectory clusters depict the air parcel 77 

position at hourly intervals during Pulse 1 (19 Feb – 4 March 2018), Pulse 2 (14–20 March 78 

2018), and Pulse 3 (23–28 March 2018) of Barents Sea moisture advected to Pallas. Base 79 

map derives from the ETOPO5 gridded elevation dataset 80 

(http://www.ngdc.noaa.gov/mgg/global/etopo5.HTML). 81 

 82 

 83 

 84 

 85 

 86 

 87 

http://www.ngdc.noaa.gov/mgg/global/etopo5.HTML


6 
 

 88 

Supplementary Figure 5. Northern Europe March snowfall trends. Timeseries show mean 89 

(circle) and maximum (triangle) March snow water equivalent (SWE) from 1979 to 20201  90 
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Supplementary Figure 6. Pallas Picarro humidity-isotope response calibration curves. 108 

Graphs depict values for (a, b) 18O and (c, d) 2H of USGS standards 45 (blue) and 46 (red). 109 

Grey circles represent individual 1-second measurements, and the solid line shows the non-110 

linear regression used to correct ambient isotope data as a function of cavity humidity. 111 

Dashed line shows the known isotopic value of the standard water.  112 

 113 

 114 

 115 

 116 



8 
 

 117 

Supplementary Figure 7. Winter 2017-18 wind speed and direction measurements. 118 

Timeseries show 5-minute mean wind speed and wind direction (570 m asl) recorded at FMI 119 

Sammaltunturi station in Pallas between 20 December 2017 – 31 March 2018.  120 
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