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Executive Summary 
 
There is strong evidence for increased wave heights in western and northern UK 
territorial waters and for increased occurrence of strong winds over the UK from 
the 1960s to the present. It is unclear whether recent behaviour is driven by 
“global climate change” or is simply natural variation and whether substantial 
changes in storminess are likely in the 21st century. Bacon and Carter (1991) 
inferred an increase in mean wave height of about 2% per year “over the whole of 
the North Atlantic in recent years, possibly since 1950” from observational data 
notably from Seven Stones Light Vessel (1962-1986). Recent analyses of a more 
extensive data set confirm a significant upward trend in wave heights in the North 
Atlantic, but only for the last 50 years and embedded within a pattern of multi-
decadal variability over more than a century (Gulev and Hasse, 1999; Gulev and 
Grigorieva, 2004). There have also been significantly more severe storms over 
the UK since the 1950s (Alexander et al., 2005). However, trends in winds 
around the UK are much weaker than for wave heights, and therefore most of the 
increase in wave heights is attributed to “swell” rather than “wind sea”.  
 
Changes in winds and waves can be better understood by considering their 
relationship to atmospheric pressure gradients (Bacon and Carter, 1993) and 
particularly to large-scale atmospheric variability such as the North Atlantic 
Oscillation (NAO). Wave heights in the North-East Atlantic and northern North 
Sea are known (from analysis of in situ data, satellite data and model 
reconstructions) to respond strongly and systematically to the NAO (e.g. Woolf et 
al., 2002 and 2003). Other parameters - such as cyclone activity (Gulev et al., 
2001) and the number of “gale days” at coastal sites in Scotland - show a 
weaker, but still significant response to NAO. Thus, many of the changes over the 
last 50 years can be understood in terms of the behaviour of the NAO. The recent 
strong trend in the NAO (towards stormier conditions) is apparently unique in its 
history, but it is controversial whether this is a response to greenhouse gas 
forcing (Osborn, 2004). Many Global Climate Models suggest a general trend 
towards the stormier tendency of NAO in the 21st century (e.g. Terray et al., 
2004). If so, worsening wind and wave conditions in the wintertime in western 
and northern UK waters are inevitable (Tsimplis et al., 2005; Wolf and Woolf, 
2006). However, alternative analyses primarily based on Regional Climate 
Models suggest different and mostly weaker changes in winds and storminess 
(e.g. Hulme et al., 2002; Barnett et al., 2006). 
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Level of Confidence  
 
High (changes have occurred over the last 50 years).  
 
There is a lot of data, and the agreement between data sources is high (noting 
that some parameters are more sensitive than others to change) 
 
Low (changes will occur in the future).  
 
There is a moderate amount of model output, but the agreement is low 
 
 
Key sources of Information 
 
See supporting evidence 
 
 
 



 
 
Supporting Evidence 
 
DATA SOURCES 
In the context of marine climate, storminess can be measured in terms of 
statistics of wind speeds and wave heights at, near and offshore of the coast. 
Adequate information on offshore marine winds and waves exist for the last 
twenty years, primarily through data from satellite-borne instruments (especially 
radar altimeters and scatterometers). Data are also available over a similar 
history from a few offshore sites (notably associated with the North Sea oil 
industry), near shore sites and wind and other meteorological measurements 
from coastal UK Met Office stations. Gale day frequency at coastal sites is a 
useful proxy for more stormy conditions and some long (~ 100 year) time series 
are available. UK Met Office (and also MetEireann in Ireland) have also 
established meteorological data buoys (that include wave height and period as 
standard observations) at a number of sites, mainly to the west of the UK in the 
last decade. Recently, near shore wave data provision has improved rapidly 
through national (WAVENET) and local (e.g. Channel Coastal Observatory) 
initiatives. For previous decades, up to sixty years from present, observational 
data are available through the Ocean Weather Station network (though this was 
partly dismantled in the 1970s and 1980s) and a few other sources. These 
scattered data are supplemented by comprehensive output from “reanalysis 
projects” of Numerical Weather Service products covering a similar time period. 
For the first half of the century, only voluntary observing ships provide a 
substantial source of data (Gulev and Grigorieva, 2004). 
 



 
 
 
OBSERVATIONS 
 
Bacon and Carter (1991) inferred an increase in mean wave height of about 2% 
per year “over the whole of the North Atlantic in recent years, possibly since 
1950” from observational data notably from Seven Stones Light Vessel (1962-
1986).  
 

 
 
Recent analyses of a more extensive data set confirm a significant upward trend 
in wave heights in the North Atlantic, but only for the last 50 years and embedded 
within a pattern of multi-decadal variability over more than a century (Gulev and 
Hasse, 1999; Gulev and Grigorieva, 2004). Gale day frequency shows a complex 
history with no clear trend but much decadal variability through the twentieth 
century. There also have been significantly more severe storms over the UK 
since the 1950s (Alexander et al., 2005).  
 

From Alexander et al. (2005). The annual average number of severe storms at 
stations used in the analysis. The inset shows the linear trends (red positive; blue 
negative) in the number of severe storms over the period of record and filled 
circles indicate where trends are significant. 
 
Trends in winds around the UK are much weaker than for wave heights, and 
therefore most of the increase in wave heights is attributed to “swell” rather than 
“wind sea”.  
 



 
 
Changes in winds and waves can be better understood by considering their 
relationship to atmospheric pressure gradients (Bacon and Carter, 1993) and 
particularly to large-scale atmospheric variability such as the North Atlantic 
Oscillation (NAO). Wave heights in the North East Atlantic and northern North 
Sea are known (from analysis of in situ data, satellite data and model 
reconstructions) to respond strongly and systematically to the NAO (e.g. Woolf et 
al., 2002 and 2003). Other parameters - such as cyclone activity (Gulev et al., 
2001) and the number of “gale days” at coastal sites in Scotland - show a 
weaker, but still significant response to NAO. Gale day frequency over the last 
few decades at west Scotland sites is significantly correlated to NAO, with greater 
frequency in NAO + winters associated with an increased frequency of easterly 
tracking depressions across the region.  
 

ale day frequencies versus monthly NAO Index (1960-2000). More positive  
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r = 0.756

p < 0.001

r = 0.706

p < 0.001

r = 0.603

p < 0.001

r = 0.632

p < 0.001

G
values for the NAO are significantly associated with a greater frequency of gale 
days. Datasets are from (a) Stornoway, Isle of Lewis, Outer Hebrides (January); 
(b) Stornoway, February; (c) Tiree, Coll, Inner Hebrides, January; (d) Tiree, 
February. 
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igh Index NAO (More storms) and Low Index (Fewer storms) from: 
http://www.jason.oceanobs.com/html/applications/climat/nao_explication_uk.html
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Thus, many of the changes over the last 50 years can be understood in terms of 

e behaviour of the NAO. The recent strong trend in the NAO (towards stormier 

limate Models suggest a general trend towards the stormier 
ndency of NAO in the 21st century (e.g. Terray et al., 2004; Kuzmina et al., 

ughness of the sea are 
cognised to be very difficult to predict within climate change scenarios, with 
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conditions) is apparently unique in its history, but it is controversial whether this is 
a response to greenhouse gas forcing (Osborn, 2004).  
 
PREDICTIONS 
 
Many Global C
te
2005). If so, worsening wind and wave conditions in the wintertime in western 
and northern UK waters are inevitable (Wang et al., 2004; Tsimplis et al., 2005; 
Wolf and Woolf, 2006). However, alternative analyses primarily based on 
Regional Climate Models (RCMs) suggest different and mostly weaker changes 
in winds and storminess (e.g. Hulme et al., 2002; Hanson et al., 2004; Lozano et 
al., 2004; Barnett et al., 2006; Leckebusch et al., 2006). 
 
Factors related to the wind such as storminess and ro
re
present confidence in GCM and RCM modelled windfield changes remaining low 
(Hulme et al., 2002). Downscaling via general structural changes in the 
atmosphere (such as shifts in NAO) may be more suitable for “storminess” than 
analysing winds in RCMs. Given that preference, the shift to stormy conditions 
suggested by Terray et al. (2004) and others should carry more weight than the 
contrary results from RCMs, but it is debatable. 
 
Please acknowledge this document as: Woolf, D. and Coll, J. (2006). Impacts of Climate 

hange on Storms and Waves in Marine Climate Change Impacts Annual Report Card 2006 C
(Eds. Buckley, P.J, Dye, S.R. and Baxter, J.M), Online Summary Reports, MCCIP, 
Lowestoft, www.mccip.org.uk
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