INTERNATIONAL JOURNAL OF CLIMATOLOGY
Int. J. Climatol. 25: 1331-1344 (2005)
Published online in Wiley InterScience (www.interscience.wiley.com). DOI: 10.1002/joc.1195

TRENDS IN STORMINESS OVER THE NETHERLANDS, 1962-2002

A. SMITS, A. M. G. KLEIN TANK* and G. P. KONNEN
Royal Netherlands Meteorological Institute, De Bilt, The Netherlands

Received 9 August 2004
Revised 18 March 2005
Accepted 18 March 2005

ABSTRACT

Trends in the annual number of independent wind events over the Netherlands are studied for the period 1962—-2002. The
events are selected out of 13 hourly 10 m wind speed records that are part of a high quality dataset of near-surface wind
observations at Dutch meteorological stations. Comparisons are made with trends in independent wind events selected
from geostrophic wind speed records and reanalysis data.

The results for moderate wind events (that occur on average 10 times per year) and strong wind events (that occur on
average twice a year) indicate a decrease in storminess over the Netherlands between 5 and 10%/decade. This result is
inconsistent with National Centers for Environmental Prediction—National Center for Atmospheric Research or European
Centre for Medium-Range Weather Forecasts reanalysis data, which suggest increased storminess during the same 41 year
period.

Possible explanations are given for the discrepancy between the trends in storminess based on station data and the
trends in storminess based on reanalysis data. Evaluation of trends in geostrophic wind, both from station data and
reanalysis data, and evaluation of trends in vector-averaged (upscaled) 10 m wind over the Netherlands point towards
inhomogeneities in the reanalysis data as the main cause of the discrepancy. We conclude that it is likely that the decrease
in storminess observed in Dutch station records of near-surface wind in the past four decades is closer to reality than the
increase suggested by the reanalysis data. Copyright © 2005 Royal Meteorological Society.
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1. INTRODUCTION

Despite the obvious importance of storminess for safety and economy, little is quantitatively known of climate
changes that have occurred in storminess. The main reason for this lack of information is that the quality of
the observational records of near-surface wind is generally too poor for assessing changes in the wind climate.
Near-surface wind observations are very sensitive to changes in instrumentation, changes in exact measuring
location or measuring height and changes in local obstacles in the direct surroundings of the measurement
site. These factors readily generate inhomogeneities in series of wind observations that are sufficiently large
to obscure trend signals. Only a few studies have reported systematic changes in storminess on the basis
of station observations. A notable example for Europe is Schiesser et al. (1997), who reported a significant
negative trend in the number of winter storms in Switzerland north of the Alps between 1864 and 1994.
Furthermore, Pirazzoli and Tomasin (2003) reported a decrease in wind activity for the central Mediterranean
and Adriatic region between 1951 and 1970 and an increase from 1970 onwards. Analyses based on wind
gusts indicate no sustained trends over the UK over the 20th century up to 1990 (Hammond, 1990) and in
Dublin (Ireland) up to 2000 (Sweeney, 2000).

A number of studies have bypassed the problem of inhomogeneities in series of station observations by
considering geostrophic wind speed calculated from surface air pressure as a proxy for near-surface wind.
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Alexandersson et al. (1998) analysed the period 1881-1995 and found a decrease in the frequency of storms
(95th and 99th percentiles) in northwestern Europe between the late 19th century and around 1960, followed
by an increase to values that correspond with the pre-1900 level. From this, they concluded that the storm
frequencies at the end of their analysis period are not unique. An update with years up to 1998 (Alexandersson
et al., 2000) showed that the increasing trend in recent decades stopped after 1995. Schmidt and von Storch
(1993) did not find any trend in the 50th, 90th and 99th percentiles of the annual distribution of geostrophic
wind speed for the period 1876—1990 in the German Bight area. For the shorter period of 1961-90, Mietus
(1995) found a weak increase in annual mean geostrophic wind speed for the northern part of the North
Atlantic, but did not provide information on extremes. On the basis of these and other studies, the WASA
Group (1998) concluded that the wind climate along the European coast has not become more severe in the
past 100 years or so (1881-1995). They found increasing strong geostrophic wind speeds from around 1965
onward, but do not label them as alarming when compared with conditions earlier in the 20th century and at
the end of the 19th century.

Pressure tendencies are another proxy that is used for near-surface wind in storminess analysis. Kaas et al.
(1996: figures 5 and 6) found variations in cyclonic activity on the decadal time scale but no significant
overall trends for the northern North Atlantic region in the second half of the 20th century. Schmith et al.
(1998) found a small increase since about 1970 in the northeast Atlantic winter storminess for the period
1875-1995. Alexander et al. (2005) found a positive trend in the number of severe storm events in the south
and west of the UK but no trend over Iceland for the period mid-1950s to 2001. Birring and von Storch
(2004: figure 1) analysed storminess indices for two Swedish station records covering the period of about
1800 to 2002; from 1960 onwards, the trends are slightly positive.

Other investigators based their trend studies on reanalysis wind data of the National Centers for Environ-
mental Prediction and the National Center for Atmospheric Research (NCEP-NCAR; Kalnay et al., 1996;
Kistler et al., 2001) and the European Centre for Medium-Range Weather Forecasts (ECMWF; ERA-40;
Simmons and Gibson, 2000), implicitly assuming that these data are of higher quality than station wind data.
Most studies make use of NCEP-NCAR data: Yan ef al. (2002) analysed trends in daily maximum near-
surface wind speed in northwestern Europe for the period 1958—98. They found an increase over the ocean

Figure 1. The 13 stations used in the present study with 10 m wind speed records (indicated by dots), the three stations used in the
calculation of geostrophic wind speed (indicated by a triangle), and the grid boxes for the reanalysis data (indicated by solid rectangles
for NCEP-NCAR and dashed rectangles for ECMWF)
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in winter but a decrease over continental Europe in summer. Trigo et al. (2000) found that the intensity of
Mediterranean cyclones decreased in the period 1958—96 while the overall frequency of these cyclones did
not change. Pryor and Barthelmie (2003) found increased 850 hPa wind speeds over the Baltic region for
the period 1953-99, especially in the upper quartile of the wind speed distribution of instantaneous values.
Keevallik (2003) investigated changes in the mean wind speed at 500 and 850 hPa over Estonia in late winter
and spring during the period 1955-95. She found increases only in March, whereas no changes were found
during the rest of the period. Sterl and Caires (2005) composed a Web-based wave atlas based on ECMWF
reanalysis data (www.knmi.nl/waveatlas). The 1958—-2001 trend maps in the atlas indicate significant (at the
5% level) increases in the 90th and 99th percentiles of 10 m wind speed over the North Sea area (bordering
the Netherlands) for February and September, and no trends for the other months.

The overview above illustrates that a great amount of evidence for changing storminess over northwestern
Europe is based on indirect data and reanalysis data rather than on station wind data. This motivated us
to perform a trend study on the basis of actual observations of near-surface wind. Trends in storminess
are investigated over the Netherlands based on hourly records of 10 m wind speed observations at 13
meteorological stations. The annual numbers of independent wind events that last for several hours and occur
at more than half of the stations are considered (i.e. countrywide events). Event severities are determined by
the observed hourly peak wind speeds, since these peak intensities cause most of the damage. Trends are
calculated for a range of event severities, focusing on moderate wind events that occur on average 10 times
per year up to strong wind events that occur on average twice a year. Moderate events correspond with wind
speeds that gradually change from about 15-16 m/s (7 Bft) along the coast to wind speeds of 12—13 m/s
(6 Bft) inland. Strong wind events correspond with about 19-20 m/s (8 Bft) along the coast and 16—17 m/s
(7 Bft) inland. For comparison, trends are also calculated for the upper quantiles of the distribution of all
hourly values. Our study is possible because of the recent development of a high quality dataset of near-
surface wind observations at Dutch meteorological stations. The availability of sufficient and complete station
records restricts the study period to 1962-2002.

Comparisons are made with trends in wind events in geostrophic wind speed records calculated out of
surface air pressure observations and with trends in wind events in series of 10 m wind and geostrophic wind
derived from reanalysis data of the NCEP-NCAR and ECMWEF. In contrast with 10 m wind, geostrophic
wind speed is not representative for the wind speed near the surface, but gives an indication of the wind
speed just above the planetary boundary layer. The evaluation of geostrophic wind allows for comparisons
between station and reanalysis wind data, which may help to detect causes of discrepancies in 10 m wind
trends. To rule out possible scale effects in wind trends derived from station point data on the one hand and
the reanalysis grid box data on the other hand, events in vector-averaged (upscaled) station winds over the
Netherlands are also considered.

In Section 2 the wind speed data are described in more detail, and in Section 3 the methods are outlined
for selecting independent wind events and calculating the trends. Section 4 presents the results, which are
discussed in Section 5.

2. DATA

A high quality dataset comprising 53 long station records of near-surface wind in the Netherlands was recently
developed within the framework of the HYDRA (hydraulic conditions) project (see www.knmi.nl/samenw/
hydra). The records have hourly resolution and were corrected for observational changes (Verkaik, 2000).
Adjustments were made for differences over time in instruments, measuring heights and local roughness.
The corrected observations correspond with 10 m wind over short grassland (flat terrain). Compared with the
underlying raw series, the records are relatively free from homogeneity breaks. This makes them suitable for
trend analysis. From the dataset, 13 stations have been selected for the present study (Figure 1). They span
an area of about 150 x 250 km? and have uninterrupted records for the time period 1962—2002.
NCEP-NCAR reanalysis data (Kalnay et al., 1996; Kistler et al., 2001) and ECWMF reanalysis data
(Simmons and Gibson, 2000) for wind speed at 10 m (and 850 hPa) are used for the grid box representative
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for the Netherlands (Figure 1). The dimensions of the grid box are 1.875° x 1.905° (about 128 x 212 km?)
for NCEP-NCAR and 2.5° x 2.5° (about 170 x 278 km?) for ECMWF. The time resolution of the reanalysis
data is 6 h with instantaneous values at 6, 12, 18 and 24 UTC. The NCEP-NCAR reanalysis data cover
1962-2002 and the ECMWEF reanalysis data cover 1962—-2001.

Hourly geostrophic wind speeds for the period 1962-2002 are calculated from hourly surface air pressure
observations at three stations in the Netherlands at a mutual distance of about 120 km (station geostrophic
wind; Figure 1), following the so-called triangle method (Schmidt and von Storch, 1993). For the reanalysis
data, geostrophic wind speeds are calculated from air pressure values by applying the triangle method to
adjacent grid boxes (reanalysis geostrophic wind; Figure 1).

3. METHODS

3.1. Selection of independent wind events

For each station, independent events that are free from autocorrelation are selected from hourly records of
near-surface wind speed at the 13 meteorological stations. The algorithm labels an hour and its corresponding
wind speed value as an event if the wind speed during the middle hour of a moving window of 97 h equals
the maximum wind speed of the whole window. The window of 97 h implies that consecutive events are
separated by at least 48 h. This value of 48 can be regarded as the minimum inter-event arrival time and
determines the degree of independence between events. A value of 48 hours is often used in extreme value
analysis of wind speed, because it guarantees that subsequent events are sufficiently independent (Palutikof
et al., 1999). Smaller values would mean that a higher number of events are selected, whereas larger values
would reduce the number of events selected. We verify the choice of 48 h for the minimum inter-event arrival
time and show that values of 24 or 96 h do not change the conclusions of our study.

Next, the selected independent events are ranked by their wind speed values. Events that occur on average
30, 10 and 2 times per year are called weak, moderate and strong wind events respectively. They correspond
with the top 1230, 410 and 82 events in the 41-year record. Figure 2 shows an example of the application
of the selection algorithm. In this example, three independent events are selected out of a 10 day hourly
wind speed record from station Schiphol. In the overall ranking for this station, the three events selected take
positions 280 (moderate), 1 (strong) and 74 (strong).
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Figure 2. Example of the selection of independent events in a 10 day (21-30 January 1990) hourly wind speed record of station
Schiphol. The dots indicate hourly mean wind speed values. A window of 97 h is applied, which implies a minimum inter-event arrival
time of 48 h. The criterion leads to the selection of three events in this example. These three events are marked as circled dots
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Figure 3. Example of the selection of a countrywide event (for 29-31 October 2000). The dots represent independent events that have

been selected from the individual station records (station names on the right). Three windows are given, for which the condition of at

least seven occurrences of a station event within a period of 24 h is met. The window with the dotted lines includes nine station events,

the window with the solid lines includes 13 station events, and the window with the dashed lines includes seven station events. On

the basis of the averaged logarithms of return periods as a measure of severity, only the countrywide event that includes all 13 station
events is retained

The label ‘countrywide event’ is assigned to those events that occur at least for 7 of the 13 stations. To
account for the time that a typical storm travels over the country, the station events selected are grouped into
single countrywide events if the time difference between the individual station events is less than 24 h. To
guarantee independence between subsequent countrywide events, a minimum inter-event arrival time of 48 h
is also prescribed. This procedure is illustrated in Figure 3. Each of the three (partly overlapping) events in
the figure meets the condition of at least seven stations with an event occurrence within 24 h, but only the
middle one is retained because of the independence criterion. Rather than averaging the hourly wind speed
values to obtain the intensity of the countrywide event, the logarithms of the return periods of the (at least
seven) individual station events are averaged. The return periods are empirically determined with the help of
the plotting position formula of Gringorten (1963):

Y
m — 0.44
N(l————
( N + 0.12)
where N represents the total number of selected wind speed events, Y is the number of years (41) and u,,
the ranked wind speed event from the smallest (u;) to the highest (uy). For example, the event at station
Schiphol on 28 January 1990 (see Figure 2) with a maximum hourly wind speed value of 18.5 m/s (N = 3041,
m = 2968) is labelled with a return period of 0.56 years. The logarithm of the return period is introduced
because of the skewed property of this quantity. Our measure of severity accounts for the gradient that exists
in absolute wind speed levels over the Netherlands, with high values along the coast and lower values inland.
As for the individual station events, the selected countrywide events are ranked by severity. By means of
visual inspection of weather maps, it was verified that in most cases the combination of 7 out of 13 stations
and a value of 24 h for the maximum time difference between individual station events leads to retaining
those events that originate from single synoptic situations only.
The same selection algorithm is used to derive series of independent wind events from the station geostrophic
wind and the reanalysis wind (10 m, 850 hPa and geostrophic). These series are also ranked by their wind

speed values. As the reanalysis data have four daily values rather than 24 daily values, independent wind
events are selected from six times less data than the (hourly) station data.

Ty (um) = 6]
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Finally, independent wind events are selected from a series of vector-averaged station wind speeds
representative for a grid box of the size of the Netherlands (150 x 250 km?). This upscaling of station
data to areal averages allows for a direct comparison with the area-averaged results that are obtained from the
geostrophic and reanalysis data. The series of vector-averaged wind speeds is calculated using the 13 station
records. To prevent regional differences in the wind climate dominating the temporal variation in the average
wind speed, every hourly station value is first scaled by the annual mean wind speed at that station, after
which the u component (wind speed times cosine of wind direction) and v component (wind speed times sine
of wind direction) are calculated and subsequently averaged over all stations (z and v). The wind speed that
corresponds with the mean values of u and v is given by /(#)? + (v)2. Independent events are selected from
the resulting series of vector averages by the selection algorithm with a minimum inter-event arrival time of
48 hours and +/ (%)% + (v)? as the measure of severity of the event.

3.2. Calculation of trends

All series of independent events are subjected to trend analysis for the period 1962—-2002 by applying
linear regression on annual counts of the number of events. This is done for event severities ranging from
on average about 76 times per year (i.e. all events) to on average 30 times per year (i.e. weak events) and
10 times per year (i.e. moderate events) up to an average of twice a year (i.e. strong events). For all event
severities, the coefficients of the slope and the corresponding 95% confidence intervals are calculated.

By definition, the trend coefficients for the lowest severity level are nearly zero for all series, since a
maximum of about 76 events is selected in each year as a result of the inter-event arrival time of 48 h. The
trend coefficients for the highest severity level face another restriction. The fundamental relation between
trend detectability in event count records, time series length and event extremity as provided in Klein Tank
and Konnen (2003: equation (3)) limits the possibilities for trend detection. For this reason, only trends are
presented in the 41-year series for events that occur on average at least twice a year. Considering trends in
more extreme wind events is impossible given the short time series. The decreasing trend detectability for
more rare events also implies that the 95% confidence intervals of the trends for relatively high severity levels
are wider than those for lower severity levels, a feature that is clearly apparent in our graphs.

4. RESULTS

4.1. Station near-surface wind

Figure 4 shows the annual number of weak, moderate and strong wind events for the coastal station Hoek
van Holland and the inland station Gilze-Rijen, as well as the corresponding trend lines.
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Figure 4. Annual number of wind events for three severity levels for stations (a) Hoek van Holland and (b) Gilze-Rijen. The upper line
indicates weak events (which occur on average 30 times per year), the middle line indicates moderate events (on average 10 times per
year) and the bottom line indicates strong events (on average twice a year). The regression trends are given by dotted lines
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Figure 5. Trends (%/decade) in the annual number of storm events as a function of severity level for the 13 stations in the Netherlands.

The panels are arranged according to the geographical location of the stations. Solid lines are the coefficients of the slope; dotted lines

are the corresponding 95% confidence intervals. The middle panel (labelled countrywide) gives the trends for the annual number of

independent countrywide events. The dashed vertical lines in that panel correspond with the three severity levels distinguished in the
text (on average 30 (weak events), 10 (moderate events) and 2 times per year (strong events))

Copyright © 2005 Royal Meteorological Society Int. J. Climatol. 25: 1331-1344 (2005)



1338 A. SMITS, A. M. G. KLEIN TANK AND G. P. KONNEN

The figure illustrates that the number of events varies strongly from year to year and that the trends are
different for different stations and severity levels. The trends for station Hoek van Holland vary from positive
for weak and moderate wind events to slightly negative for strong wind events (although not significant at
the 5% level). The trends for station Gilze-Rijen are negative for each severity level.

A summary of the trends at all 13 stations and all severity levels is given in Figure 5, in which the
stations are roughly arranged according to their geographical location in the Netherlands, with coastal stations
to the left and inland stations to the right. The middle panel shows the results of the trend analysis for the
countrywide events. Apart from the trend coefficients (%/decade), the corresponding 95% confidence intervals
are also presented.

The middle panel of Figure 5 shows that the trends found for the countrywide events are negative over the
whole range of event severities. Progressively larger decreases are found for higher severity levels. For weak
events, the decrease is ~5%/decade and for moderate and strong wind events the decrease is between 5 and
10%/decade. Figure 6(a) and (b) shows that the trends for events with inter-event arrival times of 24 or 96 h
instead of 48 h are in good agreement with those for 48 h. Consistent results are also found for the trends
calculated straightforwardly for the upper quantiles of the distribution of all hourly values. To illustrate this,
Figure 6(c) shows the results for station Soesterberg.

Figure 7 presents the geographical pattern of the trends for weak, moderate and strong wind events. The
figure shows a tendency for stronger negative trends at inland stations compared with coastal stations (see
also Figure 5). Station Beek (in the far south) and station Eelde (in the northeast) form marked exceptions to
this pattern, showing positive trends for each severity level.
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Figure 6. As Figure 5 countrywide events (middle panel), but instead of a minimum inter-event arrival time of 48 h, now values of (a)
24 h and (b) 96 h are chosen in the event selection procedure. (c) Trends in the quantiles of the distribution of all hourly wind speed

values for station Soesterberg
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(©)

Figure 7. Trends (%/decade) in the annual number of wind events for three levels of severity (on average (a) 30, (b) 10 and (c) 2 times
per year). The shading results from statistical interpolation of the station values using a minimum curvature spline method (Franke, 1982)

4.2. Geostrophic, vector-averaged and reanalysis wind

Figure 8 compares the trends in the countrywide 10 m wind (repeated from the middle panel of Figure 5)
with the trends for wind events in station geostrophic wind and 10 m vector-averaged wind over the Dutch
stations. Figures 9 and 10 show the trends in the 10 m, 850 hPa and geostrophic wind in the NCEP-NCAR
and ECMWEF reanalysis data for the grid box of the Netherlands. Trends in adjacent grid boxes are similar (not
shown). The trends for the countrywide and vector-averaged 10 m wind (Figure 8) are mutually consistent.
They have trend values between 5 and 10%/decade for moderate and strong wind events. However, the trends
for 10 m station wind in Figure 8 differ greatly from the strongly positive trends for the NCEP-NCAR
(Figure 9) and ECMWEF (Figure 10) reanalysis 10 m wind, with values up to +20%/decade for moderate
wind events and even higher values for strong wind events. The trends for reanalysis geostrophic wind are
also positive, both in the NCEP-NCAR (Figure 9) and ECWMF (Figure 10) data. Station geostrophic wind
shows no trend (Figure 8).
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Figure 8. As Figure 5 countrywide events ((a) repeated with different vertical axis), but now also for (b) station geostrophic wind and
(c) vector-averaged (upscaled) events

5. DISCUSSION

Our trend analysis of counts of independent wind events, which are derived from a high quality dataset of
near-surface wind speed records, indicates a decrease in storm activity over the Netherlands in the period
1962-2002. Decreases between 5 and 10%/decade are observed for events that occur 10 times per year
on average (wind speed 6—7 Bft), which we call moderate wind events. Decreases of the same magnitude
are observed for events that occur twice a year on average (wind speed 7-8 Bft), which we call strong
wind events. The trends identified only represent the linear change over the past 40-year period. We did not
investigate whether these trends are part of longer term changes or whether decadal fluctuations are present
as well.

For reasons of trend detectability constraints, no trends were calculated for events that are more severe
than those that occur on average twice a year. Our results are at best indicative for the trends in the storms
over the Netherlands that cause high impacts. These storms are included in the analysis, but only as a subset
of the larger group of strong wind events.

The trend results are robust for the choices made with respect to the selection of wind events. A study of
independent events is preferred over a straightforward calculation of upper quantiles in the annual distribution
of all hourly wind speed values. This is because in many problems the peak wind of an event is the most
relevant parameter. We have briefly shown that the trends in the moderate and strong wind events defined in
this paper are in good agreement with the trends for the upper quantiles.
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Figure 9. As Figure 5, but now for NCEP-NCAR reanalysis data: (a) 10 m wind; (b) 850 hPa wind; (c) geostrophic wind

The negative trends in storminess derived from near-surface wind at Dutch stations differ from the
results for reanalysis data that show marked positive trends. The discrepancy remains when station data
are upscaled to wind data (vector-averaged wind speeds are calculated from the station data) representative
for the 150 x 250 km? reanalysis grid box covering the Netherlands. The fact that the discrepancy remains
effectively rules out scale effects as a cause for the discrepancy. Adjacent reanalysis grid cells show the same
discrepancy with the upscaled observations.

Possible causes for the discrepancy are homogeneity breaks. It is not obvious beforehand whether they
occur predominately in the station data or in the reanalysis data. However, considering the geostrophic winds
can provide a clue. The trends in the reanalysis geostrophic wind (being qualitatively consistent with those
in the reanalysis 10 m wind) differ from the trends in the station geostrophic wind. This strongly suggests
that inhomogeneities in the reanalysis data rather than in the observational data are the main cause for the
discrepancy, because station geostrophic wind is based on station surface air pressure series that are relatively
free of homogeneity breaks. The fact that our result of no trends in station geostrophic wind is in line with
the findings of Alexandersson et al. (2000), in particular for the triangle Vestervig—Nordby—Lund, which is
the one nearest to the Netherlands, strengthens this belief. Future research along the lines of Sterl (2004)
should give more insight into the likelihood of the conclusion that the reanalysis data are to blame.

Nevertheless, it cannot be ruled out that the negative trends in the observed 10 m winds bear some artefacts
of inhomogeneities, e.g. caused by trends in surface roughness. Although local surface roughness changes
(together with other observational changes, like differences in measuring height and instrumental changes)
have been effectively accounted for in the correction procedure of station data using a gustiness analysis, no
corrections have been made for changes in meso-scale (~50 km resolution) surface roughness. As in many
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Figure 10. As Figure 5, but now for ECMWF reanalysis data: (a) 10 m wind; (b) 850 hPa wind; (c) geostrophic wind

other densely populated areas, meso-scale surface roughness over the Netherlands has increased between 1962
and 2002 due to the increase in the percentage of built-up area. However, the effect is too small to explain
the observed decrease in storminess of between 5 and 10%/decade, as it can be shown that this decrease
would imply an increase in surface roughness that at present would correspond with a covering of the whole
territory of the Netherlands with skyscrapers, which is clearly not the case. Furthermore, it should be noted
that, for the coastal stations (like Hoek van Holland) changes in meso-scale surface roughness have hardly
any effect on storminess, because the vast majority of gales have westerly wind directions, and thus a fetch
over the open water of the North Sea.

A further possibility exists that the negative trends in the observed 10 m winds are exaggerated because of
inhomogeneities in the station data other than caused by surface roughness changes. This is also suggested by
the fact that the station geostrophic wind does not show any significant trend. But this behaviour is consistent
with the reanalysis data, which also indicate that the trends in geostrophic wind are weaker than the trends in
10 m or 850 hPa wind. Therefore, we conclude that the observed negative trends are possibly too high, but
at the same time it is unlikely that the real trend is positive.

Further investigation of the precise reason for the discrepancy between the trends based on station near-
surface wind and reanalysis wind is necessary. This should include a seasonal breakdown of the trends in
order to see whether the trends are similar in each season of the year. In western Europe, the typical storm
season is from October to March, and thus the winter atmospheric circulation determines the number of
wind events in a year. The winter atmospheric circulation itself is governed by the North Atlantic oscillation
(NAO), but correlations between the NAO index and the annual number of wind events over the Netherlands
are <0.4 and mostly not significant (@ = 0.05). Apparently, even in situations of strong westerlies (high NAO
index), the exact position of the jet stream and accompanying storm systems determines the number of wind
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events over the Netherlands in a more subtle way. For this reason, it is recommended to compare the trends
at Dutch stations with those at stations in neighbouring countries over the same period. Unfortunately, data
availability may be the limiting factor that hampers such an analysis.

Despite all the uncertainties, the conclusion of the present study is that storminess over the Netherlands
decreased in the past decades. This conclusion awaits confirmation from other observational datasets, in
particular from neighbouring countries in western Europe.

6. CONCLUSIONS

Based on station data, we conclude that the 10 m storminess over the Netherlands in the period 1962-2002
decreased by a value of between 5 and 10%/decade. Reanalysis data are inconsistent with this result, indicating
increases of about 20%/decade or more.
The discrepancy cannot be explained by scale differences between the station point data and the reanalysis
area-averages. Inhomogeneity in the reanalysis data is identified as the main cause of the discrepancy.
Although the negative trend in observed storminess is considered to be real, an overestimation cannot be
excluded.
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