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Abstract. The paper deals with wind measurements, south. During the period 1976-1992, when increasing NAO
recorded since the 1950s, at twelve meteorological stationghdex is predominant, positive correlation improves south-
along a transect near the westernmost European border, berards as far as 34Belmullet) with some improvement also
tween 64 and 44 N. Extreme wind speed tends to decreaseat Shannon and Valentia, while it remains low or even neg-
sharply near the northern boundary (at Reykjavick), near theative near the French Atlantic coast. Finally in the 1993—
middle of the study area (at Shannon and Valentia) and nea2008 period, correlation improves for all the stations south
the southern boundary (at Brest and Cap Ferret), to increasef 54° N (Belmullet), while it weakens more north.
at Thorshavn, with less significant trends at the other sta;
tions. Average wind speeds confirm the above tendencies
with an additional increasing speed at Lerwick, Kirkwall,
Malin Head, Belle-lle and Cap Ferret.

To compare changes in wind activity, the data have been
subdivided into three periods: until 1975, 1976-1992 andl Introduction
1993-2008. Frequencies have been computed also for the
“winter” (October to March) period, per quadrants, and for The majority of storms that affect the northeastern Atlantic
occurrences exceeding the speed of 15Mms area originate in the midlatitude westerly wind belt and are

At Reykjavick a recent increase in the frequency of stronggenerically referred to as extratropical storms (Lozano et al.,
winds has occurred from various directions. BetweehNs2 2004). Their recent evolution is often discussed, but a gen-
(Thorshavn) and 5N (Kirkwall) strong wind has been in- eral agreement about recent changes in storm and cyclone
creasing since 1975. Minor changes can be observed activity in the extratropical northeast Atlantic is still missing.
Stornoway, whereas at Malin Head the greatest increase for The North Atlantic Oscillation (NAO) is often considered
southerlies and westerlies is observed during the 1976—199as the most robust climate teleconnection in the NE Atlantic
period. At Belmullet, the frequency of strong southerlies has(Hurrell and Deser, 2009). According to Hurrell et al. (2003),
almost doubled since 1992, while at Shannon and Valentia ift swings from one NAO phase to the other to produce large
remains quite low. Finally at Brest and Belle-lle, westerlies changes in the mean wind speed and direction over the At-
are predominant among winds15ms1. lantic and the intensity and number of storms. Surface winds

Important changes in time and latitude appear in theare strongestduring the cold season. Nevertheless, month-to- O
correlation with the NAO (North Atlantic Oscillation) in- month and even year-to-year changes in the phase and ampli-tg
dex. The highest correlation coefficients, calculated withtude of the NAO remain largely unpredictable. 9
monthly or seasonal means between the early 1950s and Reanalysis results often show a noticeable increase in the &
1975, are observed from between°B8 (Stornoway) and nhumber or in the intensity of cyclone events after 1970 (Lam-
Iceland, whereas low positive coefficients are reported morddert, 1996; Schmith et al., 1998; Paciorek et al., 2002). Some
studies make a distinction between the high-latitude areas, ©
where a significant increasing trend would be observed, and aQ
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2 Data and methods

Longitude (degrees) . . .
This work is based on the analysis of hourly-type records

Fig. 1. Location map. from twelve meteorological stations: Reykjavick in Iceland,
Thorshavn in the Faeroes (Denmark), Lerwick in Zetland
(UK), Kirkwall in Orkney (UK), Stornoway in the Outer He-
associate such changes in winter with a shifting of aboutbrides (UK), Malin Head, Belmullet, Shannon and Valen-
181 km northward of the mean position of the storm track.tia in Ireland, and Brest, Belle-lle and Cap Ferret in France
According to Gulev et al. (2001), Atlantic cyclone frequency (Fig. 1). Wind data have been generally provided by the Ice-
demonstrates a high correlation with NAO. landic Meteorological Office, the Danish Meteorological In-
On the other hand, station measurements of pressurstitute, the Met Office, the Irish Meteorological Service and
change between October and March would show in Icelandhe Méto France. In hourly-type measurements, wind di-
a tendency towards less extreme severe events after 198@ctions are recorded clockwise from the geographical north
while a tendency towards larger magnitude events was oband correspond to the average direction during the ten min-
served in the UK regions in recent decades (Alexander andites preceding the report time. Wind speed for a specific hour
Tett, 2005). According to Alexandersson et al. (2000), ancorresponds to the average speed during the same 10 min pe-
increasing trend in NW Europe storminess — derived fromriod to which the direction is referred. In this work, all speeds
station pressure measurements available since the late 19tfave been reduced to the misunit. The records available
century — started in the 1960s, but shows a clear tendency afsually start in the 1950s; some series have been completed
a reduction in storminess after a maximum around 1990. for the period 1982-1997 by using the CD “International
In an attempt to clarify recent climate changes in the eastSurface Weather Observations” produced by the US Depart-
ern North Atlantic area, we collected and analysed statisiment of Commerce. For the most recent period, the records
tically hourly or three-hourly wind measurements recordedhave been updated to the end of March 2009 by downloading
at twelve meteorological stations close to the western borfrom the Russia’'s Weather Servichktip://meteo.infospace.
der of Europe, i.e. directly exposed to Atlantic storms, be-ru/wcarch/html) (accessed April 2009). The frequency of
tween Iceland and France. In this paper, preliminary resultsneasurements available is most often hourly for Met Of-
and correlation with the NAO index of boreal cold seasonfice records, hourly or three-hourly for Irish records (with
are presented. The data and methods used are specified time possible absence of measurements between 15H and OH
Sect. 2. Results (trends for wind speed, directions of windUTC), three-hourly for Danish and French records. The data
occurrences and the temporal variability of strong wind fre-reported by the Russia’s weather server are only three-hourly
guency) are summarized in Sect. 3. Finally the difficulty of or six-hourly.
explaining the changes observed, or even of relating them in The analysis is based on observations on several wind time
detail to changes in the NAO index, are discussed in Sect. 4series from different sources, without any assurance that they
have already been homogenized. Possible changes over time
in station location, anemometer elevation or anemometer ex-
posure, may cause spurious temporal trends. Caution is,
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Table 1. Location of the meteorological stations considered, sources of the data and periods of observation.

Station Available record length
Number Name Lat. N Long. VJ National authorities NOAA Russia’s weather server
4030 Reykjavik 6408 21°54 1950-1981, 1998-2000 1982-1997 20002009
6011 Thorshavn 6D 6°46 1953-1981, 1998-2000 1982-1997 2000-2009
3005 Lerwick 6008 1°17 1957-1982, 1988-2000 2000-2009
3017 Kirkwall 5857 2054 1957-1963, 1965-1966, 1982-1997 2000-2009
1971-1972, 1976, 1981,
1998-2000
3026 Stornoway 5813 6°19 1957-1982, 1988-2000 1983-1987 20002009
3980 Malin Head 5%22 7°20 1955-1981, 1998-2000 1982-1997 2000-2009
3976 Belmullet 5314 10°00 1956—-2000 2000-2009
3962 Shannon 522 8°55 1950-1981, 1998-2000 1982-1997 20002009
3953 Valentia 5956 10015 1950-2000 2000-09
7110 Brest 4827 4°42 1949-2004 2005-2009
7207 Belle-lle 4718 317 1949-2004 2005-2009
7500 Cap Ferret 2463 1025 1949-2004

therefore, necessary for the preliminary nature of the results 2
of this study. Due to the inhomogeneous temporal distribu-
tion, 99th percentiles have been preferred to maximum val- 15
ues for the estimation of annual extremes. However, an in-
homogeneity may have been introduced also in the 99th per-
centiles by using hourly or three-hourly data prior to 2000, or
three or six-hourly data from 2000 on (with the shift towards
the Russian data source). While mean values may not be af
fected by changes in the sampling frequency, higher values
(like the 99th percentiles) might be slightly modified. The g
location of the meteorological stations, sources of data and2"
periods of observations have been specified in Table 1. In ad-
dition to the usual representations, a quantity more related ta
dynamics was computed: given a direction of interest, from
each observed wind vector a contribution was taken by pro-
jection on it, and added if positive.

The Gibraltar-Iceland NAO index, originally produced by
Jones et al. (1997) and updated by Osborn (2006), is usedkig. 3. Boreal cold season (October to March average) NAO index
Monthly data until the year 2000 are available via ftp at from 1950-1951 to 2008-2009.
the url: ftp://ftp.cru.uea.ac.uk/dat2000-to-present monthly
data are available at the uHttp://www.cru.uea.ac.uktimo/
projpages/naapdate.htm

Statistical values were computed for full years as well as
for “winter” (boreal cold season: ONDJFM) periods. The

0,5

E

E==Oct-Mar
index
w—5-yr mean

index (dimensioles:

TO5T

the beginning of the record to 1975; b) from 1976 to 1992;
c) from 1993 to 2008. The 1975 limit has been chosen be-
cause a number of studies have suggested that a change in
period ONDJFM was preferred to the DIJFM period, often certain climatic trends may have occurred around the mid-
1970s in the Northern Hemisphere (e.g., Folland et al., 2001;

used for “winter” by Hurrell (1996) or by Osborn (2004), be- —: " ) th has th
cause in the area considered dominant monthly wind peakg’IraZZOI and Tomasin, 2003)’_t € year 199.2 . as the advarg
tage to cut the 1976—2008 period into two similar parts.

are often recorded in October and sometimes also in Novem="=" . ) )
ber (Fig. 2, Table 2). In this paper, “Winter”, e.g. for the year Linear trends_have been det_ermlned by regressions with
2008, means the period from October 2008 up to and includS/OPe uncertainties and the statistical confidence.
ing March 2009. With the same yearly convention, the cold
season NAO indexes used are summarized in Fig. 3.

To identify changes in tendency or evolution in correla-
tion coefficients, three periods have been considered: a) from
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Fig. 4a. Recent changes in extreme (99th percentile) and average wind speed (all direq@)res) Reykjavick, Thorshavn, Lerwick,
Kirkwall, Stornoway and Malin Headp) at Belmullet, Shannon, Valentia, Brest, Belle-lle and Cap Ferret.

3 Results

3.1 Overall trends for wind speed

Ann. Geophys., 28, 1923934 2010

treme wind speed tends to decrease sharply near the northern
boundary of the transect considered (at Reykjavick), near the
middle of the study area (at Shannon and Valentia) and near
the southern boundary (at Brest and Cap Ferret), to increase

WWW.

Recent changes in extreme (99th percentile) and averagreapldly at Thorshavn, with less significant trends at the other

wind speeds are reported for all directions in Fig. 4. Ex- Stations. Average wind speeds confirm the above tendencies,

ann-geophys.net/28/1923/2010/
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Fig. 4b. Continued.
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Fig. 5. Frequency of wind measurement in different periods (full year and October to March) at Reykjavick, Thorshavn, Lerwick, Kirkwall,
Stornoway, Malin Head, Shannon and Brda).easterlies(b) southerlies(c) westerlies(d) northerlies.

with additional increasing speeds also at Lerwick, Kirkwall, for the full year, and for the October—March periods. Similar

Malin Head, Belle-lle and Cap Ferret. frequencies for Belmullet, Valentia and Belle-lle were sum-
marized in a previous publication (Pirazzoli, 2005, Fig. 6).
3.2 Direction of wind occurrences The wind distribution at Reykjavick is clearly different

from that of the other stations considered, with much more
In Fig. 5, the percentage frequency from each quadrant igrequent easterlies and less frequent westerlies, especially
given for the periods until 1975, 1976-1992 and 1993—-2008for the winter periods; easterlies generally decrease slightly

Ann. Geophys., 28, 1923934 2010 www.ann-geophys.net/28/1923/2010/
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Fig. 6b. Continued.

during winter and after 1975 in the other stations, except at Southerlies predominate between Lerwick and Malin
Shannon, where they show a small increase in winter. SimilaHead, especially in winter and generally show an increase be-
winter increases for easterlies have been observed at BelImutween 1976 and 1992. Westerlies represent about 30% of the
let and Valentia (Pirazzoli, 2005). observations at most stations (except Reykjavick) and tend
to increase since 1993 between Thorshavn and Stornoway

www.ann-geophys.net/28/1923/2010/ Ann. Geophys., 28, 182342010
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Table 2. Months between October and March, at each station con-At Thorshavn, strong yvind has been increasing from all doi'
sidered, exhibiting peaks in the angle of wind origin (using sum of "€ctions after 1975, with a remarkable recent peak of 14%o

speeds). of occurrences for westerlies during the most recent period.
At Lerwick the increase after 1975 is general for all strong
southerlies and westerlies, with a frequency of occurrences

Station Uppermost peak Second peak  Third peak )

— that is almost double of that observed before 1976. Also at
Reykjavick o M D Kirkwall strong westerlies have increased substantially after
Thorshavn N M D 1975, though the highest peak has been recorded during the
Lerwick D M (0] :

Kirkwall N o D 1976-1992 period.

Stornoway o D J Minor changgs can be observed qt Stornoway (Fig. 69),
Malin Head M o) J whereas at Malin Head the greatest increase for southerlies
Belmullet o M ] and westerlies has occurred during the 1976-1992 period.
Shannon 0 M D At Belmullet, the frequency of strong southerlies has almost
Valentia ] J M doubled since 1992, while at Shannon and Valentia the fre-
Brest o) D J quency of wind speed exceeding 151t semains low (less
Belle-lle (0] M D

than 1.5%. of the total measurements).

More south, an impressive drop in the frequency of strong
westerly wind occurrences has taken place after 1975 along
the Atlantic coast of France (Fig. 6¢). More detailed informa-
(especially in winter). Northerlies tend to decrease with timetion on wind tendencies at Belmullet, Valentia and Belle-lle
in most stations, particularly in winter. has been reported by Pirazzoli (2005).

3.3 Temporal variability of strong wind frequency

4 Correlation with the NAO index
In order to clarify the recent evolution of strong wind oc-
currences, the frequency of directions for winds exceed-Correlation with the boreal cold season NAO index has been
ing 15ms? during the cold season has been reported incomputed at all stations for the periods until 1975, 1976—
Fig. 6 for the periods before 1976, 1976-1992 and 1993-1992 and 1993-2008, for several quantiles of wind speed and
2008. It appears that at Reykjavick (Fig. 6a) the frequencyalso for the positive projection upon certain dominant wind
of strong wind has been decreasing between 1976 and 19928jrections deduced from angular distribution of energy flux
then strongly increasing from various directions after 1993.or from certain peaks of Fig. 6. Among the quantiles of wind
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Table 3. Correlation coefficients between wind speed (A: average from all directions; B: the sum of positive projections upon certain
dominant wind directions deduced from Fig. 6; C: the sum of positive projections upon the dominant wind direction deduced from angular
distribution of energy flux), and NAO index during the cold season (October to March) along a transect of meteorological stations in the NE
Atlantic.

Periods considered

Station Average wind speed ;i 1975 1976-1992 19932008
Reykjavick  A: 0.59 0.55 0.14
C: 9 —0.145 0.21 0.16
Thorshavn A: 0.02 0.78 0.72
B: 25C¢° 0.39 0.86 0.44
C: 260 0.41 0.85 0.43
Lerwick A: 0.70 0.81 0.47
B: 240° 0.38 0.54 0.44
B:17¢° 0.10 —0.04 0.11
C: 250 0.36 0.56 0.47
Kirkwall A: 0.43 0.69 0.28
B=C: 260 -0.02 0.82 0.35
B: 180C° 0.04 0.58 0.11
Stornoway  A: 0.42 0.70 0.50
B=C: 200 0.23 0.84 0.38
Malin Head A: 0.01 0.44 0.48
B=C: 190 0.57 0.60 0.07
B: 28C° 0.33 0.72 0.41
B:110¢° —0.46 0.00 —0.40
Belmullet A: 0.21 0.69 0.72
B: 210° 0.89 0.75 0.42
C: 260 0.62 0.89 0.51
Shannon A: 0.05 0.27 0.50
B: 25¢° 0.46 0.66 0.41
C: 260 0.22 0.65 0.40
Valentia A: 0.20 0.35 0.42
C: 180 0.54 0.665 0.305
Ouessant A: —0.08 0.47
Brest A: 0.16 -0.16 0.56
C:. 210 0.44 -0.08 0.37
Belle-lle A: -0.05 0.18 0.51
B=C: 260 0.28 -0.01 0.45
Cap Ferret  A: —0.25 0.27 0.08

2incomplete record limited to the year 2003.

speed, the most significant for correlation with NAO is in- At Thorshavn, a marked increase in correlation with the
deed the average wind speed for all directions. Results aravinter NAO index appears after 1975, for the average wind
summarized in Table 3. speed from all directions, as well as for projections upon
At Reykjavick, where no wind direction is dominant in a 250 and 260, that reaches a maximum of over 0.86 during
stable manner (Fig. 6a), a sharp decrease in correlation witthe period 1976-1992. The peak of strong westerlies since
NAO has occurred since 1993, corresponding to the increas&993 (Fig. 6a) was accompanied by a slight decrease in cor-
in frequency of strong wind from various directions. The relation with NAO.
peak of energy flux from 90seems unrelated to NAO vari-

ability At Lerwick, a gradual increase in strong southerlies and

westerlies is evident since the beginning of the records
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(Fig. 6a). Southerlies seem unrelated to NAO (Table 3), 2. inthe southern part (French Atlantic stations), when the

whereas westerlies maintain a relatively high level of cor- NAO becomes more positive (negative), the correlation

relation. with wind speed decreases (increases). Then, for the
At Kirkwall, correlation is at best during the period 1976— long-term trends in wind speed, it is more difficult to

1992. It is difficult, however, to ascribe this result to the find a clear explanation. Nevertheless, the discrepancies

strong westerlies (that reach a peak during the same pe- between stations may be associated with the direction of
riod) because the same winds occurred also (though less fre-  local dominant winds at each station.

quently) during the preceding period, when projections Upong, eyample, at Reykjavick, easterlies are dominant. This is

the dominant direction of 260were uncorrelated with NAO. consistent with the fact that the main storm tracks pass within

A similqr diﬁicuI'Fy- exists for projections upon 180witha  yhe 6o_gg N belt, thus, south of Reykjavick. At Thorshavn,
correlation coefficient of 0.58 between 1976-1992 and an abyeterjies are dominant for a similar reason (this station is
sence of significant correlat|on before 1976 aqd since 19§)3]-,uSt below the main storm tracks.

that can be hardly ascribed to clear changes in strong wind

frequency for southerlies.

No major changes appear at Stornoway, where the level 0 Conclusions
correlation with NAO remains relatively high and significant _ _ e ., ,
during the various periods considered. Positive correlation isl IS Work considers the “fire front” for storms in the NE
found for all wind directions, with even some improvement, ré@ of the Atlantic Ocean, down through the coasts of West-
especially between 1976 and 1992, when projections aroun§™ Europe, from 1950 to 2008, using a large collection of
200 are considered. wind data. It is shown that there is a great difference in the
At the Irish stations, strong wind remains limited at Malin evolution of recent storm frequency between Iceland and the
Head until 1975 (Fig. 6b) and there is no correlation betweennortheranSt European |slqnds Iopated a few' degrees'east-
the average wind speed and the NAO index (Table 3) Posiyvard' In the former, prevailing winds (especially in win-
tive correlation is found for wind projection upon 1‘9@h.at ter time) are easterlies, whereas in the latter westerlies or

L outherlies predominate; in the former, extreme and average
becomes however insignificant after 1992), as well as around : ) )
. ; . ; .~ wind speed decrease, whereas they increase sharply in Thor-
28, while a clearly negative correlation exists for projec-

tions around 110before 1976 and after 1992. At Belmullet, shavn and average wind speed increases moderately also at

southerly and westerly strong wind peaks appear after 199£erwick and Kirkwall.
(Fig. 6b). Correlation with NAO is positive for all periods, _ COnnection with the values of NAO is unavoidable: the

especially for projections of winds around 218t Shannon, evolution of local winds is compared to the one of this large

. . . stcale parameter (a lot more robust, being related to the atmo-
a gradual increase in correlation can be observed throughod ; . . i
Spheric pressure) and something will be satisfactory, some-

the periods considered for the average wind speed. Westef;. . : . o
lies show a strong increase after 1975, followed by a slight hing will not. Over the period 1950-2008, considering the

decrease after 1992 (Fig. 6b), that may explain the smaIPOreal cold season, the NAO pattern shows an important

changes in correlation observed (Table 3). Finally at Valentiz‘;ldecada1I variability and appears to be intense, with its changes

correlation with NAO remains limited (between 0.2 and 0.42 In polarity. Observing the three periods of the present study,

for the average wind speed, but some improvement appe trhe qentral one is impressive with.its positive excess (Fig. 3).
for projection upon 180 ' 4h this case, the main storm track is displaced more and more
] i i northwards. This could be consistent with the decrease of
Along the French Atlantic coast, no clear relationship ap-\ing speed at Reykjavick, where the speed of the easterlies
pears between the drop in the frequency of strong winds aftegp g, decrease. Similarly, Thornshavn increase of wester-
1975 (Fig. 6¢) and the absence of correlation with NAO dur-jie5 speed appears fully consistent with the positive polarity
ing the period 1976-1992, or with the improved correlation ¢ ihe NAO.

after 1993. At Cap Ferret, where our record is limited 10 g contrasts with the sharp decrease in extreme and av-
2003, the average wind speed seems anticorrelated 0 NAOg a4 wind speed along the west coast of Ireland, that seems
In short, it is possible to cut the area considered into twoto extend more south to most Atlantic French coast (Piraz-
different parts: zoli et al., 2008) and even to the Mediterranean (Pirazzoli
and Tomasin, 2003).

1. in the northern part (Northern Atlantic stations and Some studies stress the observed correlation with NAO of
probably also in the North Sea area), changes in corclimate changes over the NE Atlantic or even in western Eu-
relation between wind speed and NAO are usually con-rope. The present study, based on wind measurements along
sistent for most winds and also for the dominant ones.a transect on the western border of Europe, has shown that
When the NAO becomes more positive (negative), theeven if some recent changes in wind activity indeed exist,
correlation with wind speed increases (decreases), acthey are not always in agreement with NAO. A great tempo-
cording to storm track variations; ral and spatial variability can be observed even for stations
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