
Motivation

 

Dataset
‣ Diagnostic 10m wind and surface air pressure fields from the spectrally nudged and NCEP driven REMO (Weisse et al., 2009), known as coastDat, are made use of. The dataset covers Europe and 

the North Atlantic.
‣ The period 1959-2005 is analysed.

Single-station based proxies

Multiple-station based proxies

On air pressure and past storm activity—an assessment of the informational value of proxies for past 
storm activity 

This study evaluates and measures the informational value of several air pressure-based proxies by examining the correlation 
between pressure-based proxies and high percentiles of atmospheric wind speed. 

‣ Wind time series are often inhomogeneous and too short.
‣ Air pressure readings are usually homogeneous.
‣ Making use of air pressure is a possible solution to derive proxies for past storm activity.

‣ It is commonly believed, however unproven, that the variation of the statistics of air pressure-based proxies describes the variation of statistics of 
ground level wind speeds. Or in other words: Are air pressure-based proxies appropriate to describe past storm activity?

Percentiles of geostrophic wind speeds

based on synoptic experience
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Correlation between annual 95th percentiles of ground level wind speed and 
annual number of pressure observations below 980 hPa.
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Correlation between annual 95th percentiles of ground level wind speed and 
annual first percentile of air pressure.

Correlation between annual 95th percentiles of ground level wind speed and 
annual 99th percentile of absolute pressure tendencies in 24 h.
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1. Number of deep low pressure readings
2. Low percentiles of pressure readings
3. High percentiles of absolute local pressure changes over a certain time (|Δp/Δt|)

• Frequency of absolute local pressure changes exceeding a threshold over a certain 
time (|Δp/Δt|)

(a) Median correlation between the annual 
number of pressure readings below a 
certain threshold p and annual 95th 
(solid line) and 99th percentiles 
(dashed line) of surface wind speeds.

Fig. 2. Dependence of median correlations between the annual number of pressure readings
below a certain threshold p and annual 95th (solid line) and 99th percentiles (dashed line) of
surface wind speeds depending on the threshold p.
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wind from sea triangles reflects storm activity better than
geostrophic wind from land triangles. Moreover, smaller
triangles lead to a better description of storminess than
bigger triangles. The differences in the mean correlations
due to size are most distinct with values greater than 0.30
for comparing small and large triangles. The differences,
on the contrary, become small between small and medium-
sized triangles with values from 0.07 to 0.24. The mean
correlations between medium and large triangles differ
from 0.23 to 0.27. The effects of surface properties result
in differences of about 0.17–0.21. In general the differ-
ences are more distinct for the median wind time series
and become smaller for upper-percentile wind time se-
ries (Table 4).

The higher mean correlation of sea triangles is un-
derstandable with regard to turbulent impacts over land
that affect surface winds in the planetary boundary layer.
The geostrophic wind approximation is less accurate in
this layer over land where ageostrophic dynamics play an
important role. Over sea the frictional influence from the
surface diminishes resulting in a better description of wind
speeds through geostrophic wind speeds. Note that these
effects strongly depend on the parameterization in the
REMO model. The near-surface winds in the model are
affected by atmospheric stability and frictional effects
of vegetation cover and topography (Jacob and Podzun
1997). The influence of these parameters on the wind is
restricted by the spatial resolution in the model, such that
turbulence is not described on the subgrid scale in itself.
Instead such effects are parameterized. We can only spec-
ulate whether a more advanced parameterization would
make the differences in the mean correlations due to sur-
face conditions more distinct.

While the differences in the mean correlations between
land and sea triangles are in the range of 0.17–0.21, the

differences due to the size are greater and in the range of
0.07–0.48. For all the percentile time series the correlation
is highest for small triangles. In contrast to large triangles
that mask out pressure gradients, smaller triangles detect
small-scale variations. Sharp pressure gradients associated
with smaller low pressure systems can be named as ex-
amples. The detection of small-scale variations leads to a
better description of wind and storm activity. The cor-
relation appears to be also affected by topographical
versatility within the triangles, which can be seen in Fig. 5.
Figure 5 shows the spatial distribution of the correlation
between the annual 95th percentile time series of geo-
strophic and area-maximum surface wind speed for each
triangle size. Whereas the correlations of small triangles
only decrease over smaller topographically versatile areas
such as the Alps (with values of about 0.2–0.4), the cor-
relations of medium and large triangles are lower than
those of small triangles over land in general. Furthermore,
the high correlations of smaller triangles are likely to be an
effect of the hourly temporal resolution. Small and fast
moving low pressure systems are noticed because of the
high sampling frequency. Otherwise, these pressure sys-
tems would have rushed through the triangles without
being recognized. Note that the high correlations of small
triangles could also be caused by the regional model
REMO that produced the initial data. Its spatial resolu-
tion is around 50 km, which is in the range of the smallest
triangle size. It could be argued that ageostrophic com-
ponents of the wind are homogeneously simulated on this
spatial scale because of the parameterization, thus mak-
ing the small-scale wind agree more with the geostrophic
wind. A slight indication for this is shown in Table 4, where
the differences in the mean correlation between small- and
medium-sized triangles are smaller than the differences
between other groups of sizes.

FIG. 5. Spatial distribution of correlations between annual 95th percentile time series of geostrophic and of area-maximum surface wind
speeds for (a) small, (b) medium, and (c) large triangles. The spatial distribution of correlations has been obtained by interpolating the
correlations bilinearly. Note that small triangles cover a wider area than medium and large triangles because of choosing the examined
triangles randomly. In the boundary region, the likelihood of selecting smaller triangles is higher than the likelihood of selecting bigger
triangles.
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wind from sea triangles reflects storm activity better than
geostrophic wind from land triangles. Moreover, smaller
triangles lead to a better description of storminess than
bigger triangles. The differences in the mean correlations
due to size are most distinct with values greater than 0.30
for comparing small and large triangles. The differences,
on the contrary, become small between small and medium-
sized triangles with values from 0.07 to 0.24. The mean
correlations between medium and large triangles differ
from 0.23 to 0.27. The effects of surface properties result
in differences of about 0.17–0.21. In general the differ-
ences are more distinct for the median wind time series
and become smaller for upper-percentile wind time se-
ries (Table 4).

The higher mean correlation of sea triangles is un-
derstandable with regard to turbulent impacts over land
that affect surface winds in the planetary boundary layer.
The geostrophic wind approximation is less accurate in
this layer over land where ageostrophic dynamics play an
important role. Over sea the frictional influence from the
surface diminishes resulting in a better description of wind
speeds through geostrophic wind speeds. Note that these
effects strongly depend on the parameterization in the
REMO model. The near-surface winds in the model are
affected by atmospheric stability and frictional effects
of vegetation cover and topography (Jacob and Podzun
1997). The influence of these parameters on the wind is
restricted by the spatial resolution in the model, such that
turbulence is not described on the subgrid scale in itself.
Instead such effects are parameterized. We can only spec-
ulate whether a more advanced parameterization would
make the differences in the mean correlations due to sur-
face conditions more distinct.

While the differences in the mean correlations between
land and sea triangles are in the range of 0.17–0.21, the

differences due to the size are greater and in the range of
0.07–0.48. For all the percentile time series the correlation
is highest for small triangles. In contrast to large triangles
that mask out pressure gradients, smaller triangles detect
small-scale variations. Sharp pressure gradients associated
with smaller low pressure systems can be named as ex-
amples. The detection of small-scale variations leads to a
better description of wind and storm activity. The cor-
relation appears to be also affected by topographical
versatility within the triangles, which can be seen in Fig. 5.
Figure 5 shows the spatial distribution of the correlation
between the annual 95th percentile time series of geo-
strophic and area-maximum surface wind speed for each
triangle size. Whereas the correlations of small triangles
only decrease over smaller topographically versatile areas
such as the Alps (with values of about 0.2–0.4), the cor-
relations of medium and large triangles are lower than
those of small triangles over land in general. Furthermore,
the high correlations of smaller triangles are likely to be an
effect of the hourly temporal resolution. Small and fast
moving low pressure systems are noticed because of the
high sampling frequency. Otherwise, these pressure sys-
tems would have rushed through the triangles without
being recognized. Note that the high correlations of small
triangles could also be caused by the regional model
REMO that produced the initial data. Its spatial resolu-
tion is around 50 km, which is in the range of the smallest
triangle size. It could be argued that ageostrophic com-
ponents of the wind are homogeneously simulated on this
spatial scale because of the parameterization, thus mak-
ing the small-scale wind agree more with the geostrophic
wind. A slight indication for this is shown in Table 4, where
the differences in the mean correlation between small- and
medium-sized triangles are smaller than the differences
between other groups of sizes.

FIG. 5. Spatial distribution of correlations between annual 95th percentile time series of geostrophic and of area-maximum surface wind
speeds for (a) small, (b) medium, and (c) large triangles. The spatial distribution of correlations has been obtained by interpolating the
correlations bilinearly. Note that small triangles cover a wider area than medium and large triangles because of choosing the examined
triangles randomly. In the boundary region, the likelihood of selecting smaller triangles is higher than the likelihood of selecting bigger
triangles.
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• Pressure is bilinearly interpolated 
over triangles in a local 
coordinate system

• Geostrophic wind speeds via 
pressure gradient

• Annual and seasonal frequency 
distributions derived

• Specific annual and seasonal 
quantiles examined to determine 
linear link between high 
percentiles of geostrophic wind 
speeds and of ground level wind 
speed (repeated for multiple 
triangles)0.
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land sea

➡ Geostrophic wind from 
sea triangles reflects 
storm activity better 
than geostrophic wind 
from land triangles.

➡ Smaller triangles lead 
to a better description 
of storminess than 
bigger triangles.  
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Conclusion

(b) Median correlation between annual 
95th percentiles of ground level wind 
speed and annual 99th percentile of 
absolute pressure tendencies over Δt.

(c) Median correlation between annual 
95th percentiles of ground level wind 
speed and annual number of absolute 
local pressure changes exceeding a 
threshold Δp over a certain time Δt. 

➡ Pressure-based proxies and storm activity are linearly related.
➡ The informational value of single-station proxies is weak.
➡ The informational value of geostrophic wind speed statistics is 

superior to the informational value of single-station proxies.
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