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Figure 1s: Snapshot for sea level pressure on January 1st 2009, 6:00, over the North Atlantic 
area for different reanalyses and global downscaled data.  
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Figure 2s: Storm index (standardized) based on geostrophic wind speed triangles derived 
from modelled SLP for each storm season (October-March) over the Northeast Atlantic area 
for different reanalyses (colored time series) and the same storm index derived from SLP 
measurements (black lines). The upper panel (a) shows the storm index based on the 95th 
percentiles, the lower one (b) the 99th percentiles of geostrophic wind speed for extended 
winter seasons.  
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Figure 3s: Standardized storm frequencies for extended winter storm seasons (October-
March) over the Northeast Atlantic area for different reanalysis data sets (colored time 
series) and storm index derived from geostrophic wind speed triangles (black solid line 
shows the 95th percentile, black stippled line the 99th percentile). Storm frequencies were 
tracked with thresholds of 950 hPa (a), 960 hPa (b) and 980 hPa (c). The grey areas show the 
range of uncertainty based on station availability as described in Krueger et al. (2019). 
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Calculation of the geostrophic wind speed data set  

The assessment of reanalysis datasets in this study is partly based on standardized 
geostrophic wind speeds over the northeast Atlantic. We derived the time series for the 
extended winter season following Krueger et al. (2019). 

Here, we use triplets of air pressure measurements at sea level (or slightly above) from 10 
observation stations throughout the northeast Atlantic (see Figure 4s and Table 1s) that 
span 10 triangles given in Table Table 2s. These observations are available from the 
International Surface Pressure Databank (ISPD), which we have complemented with data 
from Danish, Dutch, and Norwegian national weather services (see Krueger et al. 2019). 

 

 

 Figure 4s: Map of the northeast Atlantic area used to derive storm activity including the 10 
triangles and stations used to derive geostrophic storm activity. 
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Number Country Name Longitude Latitude Period 

01001 Norway Jan Mayen 8.67∘ W 70.93∘ N 1922-2016 

01152 Norway Bodø 14.43∘ E 67.27∘ N 1900-2016 

01316 (01317, 01311) Norway Bergen 5.33∘ E 60.38∘ N 1868-2016 

03091 Great Britain Aberdeen 2.2∘ W 57.2∘ N 1871-2016 
(missing 1948-1956) 

03953 Ireland Valentia 10.25∘ W 51.93∘ N 1892-2016 

04013 Iceland Stykkisholmur 22.73∘ W 65.08∘ N 1874-2016 

06011 Faroe Islands Torshavn 6.77∘ W 62.02∘ N 1874-2016 

06260 the Netherlands de Bilt 5.18∘ E 52.1∘ N 1897-2016 

06051 (21100) Denmark Vestervig 8.27∘ E 56.73∘ N 1874-2016 

06088 (25140) Denmark Nordby 8.48∘ E 55.47∘ N 1874-2016 

 

Table 1s: World Meteorological Organization station number, country, name, coordinates, 
and observational period of the stations used. Numbers in parentheses denote alternate 
identifiers used. For Denmark alternate numbers denote national climate identifiers as an 
aggregation used for neighboring stations. For Bergen, the original station 01316 was 
replaced by station 01317, and missing values were filled with values from station 01311 
positioned a few km away. 

 

Triangle Time period 

Torshavn-Stykkisholmur-Bodø 1900-2016 

Bergen-Torshavn-Aberdeen 1875-2016 (missing 1948-1956) 

Torshavn-Bodø-Bergen 1900-2016 

Aberdeen-Valentia-Torshavn 1892-2016 (missing 1948-1956) 

Bergen-Vestervig-Aberdeen 1875-2016 (missing 1948-1956) 

Aberdeen-Valentia-de Bilt 1902-2016 (missing 1948-1956) 

Aberdeen-Vestervig-de Bilt 1902-2016 (missing 1948-1956) 

Valentia-Stykkisholmur-Torshavn 1892-2016 

Jan Mayen-Stykkisholmur-Bodø 1922-2016 

Torshavn-Nordby-Bergen 1875-2016 

 

Table 2s: Triangles and time periods used to construct the time series of northeast Atlantic 
geostrophic storm activity. 

 

Before building the geostrophic time series, the pressure time series underwent a quality 
check procedure, for which we used the quality control metadata from the ISPD (where 
available) and pressure measurements from the national services mentioned above to 
validate our data mining procedures. As the derivation of geostrophic wind speeds requires 
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data at sea level, we also reduced the height when necessary. Such a reduction would 
require extensive data about the state of the atmosphere, which is hardly obtainable from 
historic records. Instead, we use the barometric equation (equation S1) for an atmosphere 
with a constant vertical temperature gradient and with international standard atmospheric 
values to correct the pressure 𝑝𝑝(𝑧𝑧) at height 𝑧𝑧 to the sea level 𝑧𝑧 = 0. The height correction 
reads 

𝑝𝑝 (𝑧𝑧 = 0 m) = 𝑝𝑝 (𝑧𝑧𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠) ⋅ �1 −
0.0065K

m 𝑧𝑧station

288.15 K
�
−5.255

, (S1) 

for which -0.0065 K
m

 is the assumed lapse rate 𝜕𝜕𝜕𝜕
𝜕𝜕𝑧𝑧

 and 5.255 the ratio 𝜅𝜅
𝜅𝜅−1

 for 𝜅𝜅=1.235 being 
the assumed isentropic coefficient. As our calculations also require simultaneous data, we 
interpolate the individual pressure time series in time to accommodate for different time 
zones at three hourly increments using a spline interpolation procedure.  

The calculation of geostrophic wind speeds for a single triangle spanned by the simultaneous 
pressure measurements 𝑝𝑝1, 𝑝𝑝2, and 𝑝𝑝3 at the locations (𝑥𝑥1,𝑦𝑦1), (𝑥𝑥2,𝑦𝑦2), and (𝑥𝑥3,𝑦𝑦3) 
interpolates the mean sea level pressure observations over the area of the triangle through 
a set of equations. At each location (𝑥𝑥,𝑦𝑦) within the triangle, the pressure can be described 
by the equation 

 𝑝𝑝 = 𝑎𝑎𝑥𝑥 + 𝑏𝑏𝑦𝑦 + 𝑐𝑐,       (S2) 

with   

(𝑥𝑥 = 𝑅𝑅𝑒𝑒𝜙𝜙,𝑦𝑦 = 𝑅𝑅𝑒𝑒𝜙𝜙)      (S3) 

being the coordinates in a local Cartesian coordinate system. 

Using the observed pressure and station coordinates, the set of equations S4  

𝑝𝑝1 = 𝑎𝑎𝑥𝑥1 + 𝑏𝑏𝑦𝑦1 + 𝑐𝑐
𝑝𝑝2 = 𝑎𝑎𝑥𝑥2 + 𝑏𝑏𝑦𝑦2 + 𝑐𝑐
𝑝𝑝3 = 𝑎𝑎𝑥𝑥3 + 𝑏𝑏𝑦𝑦3 + 𝑐𝑐

     (S4) 

can be used to determine the coefficients 𝑎𝑎, 𝑏𝑏, and 𝑐𝑐. The geostrophic wind speed is then 
calculated as 

𝑈𝑈g = (𝑢𝑢𝑔𝑔2 + 𝑣𝑣𝑔𝑔2)1/2,      (S5) 

with 

𝑢𝑢𝑔𝑔 = − 1
𝜌𝜌𝜌𝜌

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= − 𝑏𝑏
𝜌𝜌𝜌𝜌
  and  𝑣𝑣𝑔𝑔 = 1

𝜌𝜌𝜌𝜌
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= 𝑠𝑠
𝜌𝜌𝜌𝜌

, (S6) 

where 𝜌𝜌 is the density of air (set at 1.25 kg m−3) and 𝑓𝑓 the Coriolis parameter, which is the 
average of the Coriolis parameter from the three measurement sites. The coefficients 𝑎𝑎 and 
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𝑏𝑏 denote the zonal and meridional pressure gradients. After having derived 𝑈𝑈𝑔𝑔 at each time 
step, the time series of geostrophic wind speeds for each triangle can be obtained. 

Following Alexandersson et al. (1998, 2000), the 10 time series are then standardized 
individually. As we concentrate on the extended winter season, we only select the months 
October to March in our calculations from the time series. In a next step, we calculate upper 
percentiles, namely the 95th and 99th, for each extended winter. We calculate the average 
and standard deviation of the upper percentiles of geostrophic wind speed over the winter 
seasons 1980/81 until 2014/2015, which we use for the standardization. The 
standardization, which is achieved by subtracting the long-term average from the seasonal 
percentile and dividing by the long-term standard deviation, ensures that the percentile time 
series are in the same range and become comparable. Afterwards, we average the ten 
standardized percentile time series and obtain the northeast Atlantic storminess time series, 
representative for the area shown in Figure 4s and illustrated in Figure 1 as a white box. 

Note that the confidence interval used to illustrate the uncertainty of the northeast Atlantic 
storminess time series relies on bootstrapping procedures, for which comprehensive 
information is provided in Krueger et al. (2019).  
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Figure 5s: Correlations between the North Atlantic Oscillation index and storm frequencies 
from reanalyses or storm indices derived from 95th and 99th percentiles of geostrophic wind 
speed (all standardized and low-pass filtered) for extended winter storm seasons (October-
March) 1948/1949-1979/1980 (left) and 1980/1981-2014/2015 (right) over the Northeast 
Atlantic area. Simulated storm frequencies were tracked with the thresholds 950 hPa, 960 
hPa and 980 hPa. Colors range from dark red for high correlations to dark blue for low 
correlations. Correlations for the first period for JRA-55 cover the winter seasons 1958/1959-
1979/1980 as JRA-55 only starts in 1958. 
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