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Key Points:8

• A method is developed to objectively define an optimal climate index explaining9

winter wave activity variability along the W coast of Europe10
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• WEPA significantly outscores other leading atmospheric modes in explaining the13

winter wave variability along most of the W coast of Europe14
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Abstract15

A pioneering and replicable method based on a 66-year numerical weather and wave hind-16

cast is developed to optimize a climate index based on the sea-level pressure that best ex-17

plains winter wave height variability along the coast of W Europe, from Portugal to UK18

(36-52◦N). The resulting so-called Western Europe Pressure Anomaly (WEPA) is based19

on the SLP gradient between the stations Valentia (Ireland) and Santa Cruz de Tener-20

ife (Canary Islands). The WEPA positive phase reflects an intensified and southward-21

shifted SLP difference between the Icelandic low and the Azores high, driving severe22

storms that funnel high-energy waves towards western Europe southwards of 52◦N. WEPA23

outscores by 25-150% the other leading atmospheric modes in explaining winter-averaged24

significant wave height, and even by a largest amount the winter-averaged extreme wave25

heights. WEPA is also the only index capturing the 2013/2014 extreme winter that caused26

widespread coastal erosion and flooding in western Europe.27

1 Introduction28

Large-scale patterns of atmospheric and oceanic variability on interannual and longer29

timescales, which are usually characterized in terms of oscillation around the mean, can30

be explained by teleconnections at the global scale [e.g. McPhaden et al., 2006]. This31

variability has a profound influence on temperature, rainfall or storm tracks and inten-32

sity, and, in turn, on the terrestrial and marine biosphere [Wang and Schimel, 2003; Bas-33

tos et al., 2016]. Coastal hazards are also strongly affected by large-scale climate patterns34

[e.g. Goodwin et al., 2016]. Barnard et al. [2015] show that the El Nino/Southern Oscil-35

lation (ENSO) can cause extreme coastal erosion and flooding across the Pacific, with36

these changes in extreme wave climate having the potential to cause dramatic change in37

the equilibrium state of beaches [Masselink et al., 2016a]. Therefore, winter and extreme38

coastal wave climate variability is a recent and important topic in climate studies [Iza-39

guirre et al., 2010] and it becomes increasingly important to link extreme wave energy40

arriving locally at the coast to large-scale oceanic and atmospheric variability [e.g. Camus41

et al., 2014a; Perez et al., 2014].42

The North Atlantic Oscillation (NAO) has long been known to affect climate vari-43

ability in the northern Hemisphere [Hurrell, 1995] and, as a result, the wave climate arriv-44

ing at the west coast of Europe [e.g. Bacon and Carter, 1993; Dodet et al., 2010; Martinez-45

Asensio et al., 2016]. The influence of the NAO on waves along the Atlantic coast of Eu-46
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rope is particularly strong in the winter months [e.g. Bromirski and Cayan, 2015], when47

storm events are critical to both short- and long-term coastal behavior [e.g. Stive et al.,48

2002]. A number of studies investigated how the NAO impacts shoreline change and49

coastal behavior, e.g. in UK [Masselink et al., 2014] and France [Robinet et al., 2016],50

showing that the NAO can explain a small, but significant, amount of the observed coastal51

variability. An explanation for this is that, while the NAO has a major impact on the At-52

lantic winter wave height in the northern sector (NW of the British islands), its influence53

is more subtle at more southern latitudes [UK, France, Spain and Portugal, Dupuis et al.,54

2006]. In these regions, winter waves are more affected by other leading atmospheric55

modes in the N Atlantic, namely the East Atlantic (EA) and Scandinavia (SCAND) pat-56

terns [Shimura et al., 2013]. The absence of a climate index specific to the Atlantic coast57

of Europe and the resulting lack of understanding of the major atmospheric control on58

winter wave climate along this coast is a major drawback. A striking example is the win-59

ter 2013/2014 that was characterized by extreme winter wave activity [Masselink et al.,60

2016a] and sea level events [Haigh et al., 2016] along the Atlantic coast of Europe, with61

the largest winter-averaged wave energy arriving at the coast in mid to southern latitude,62

i.e. 55◦N - 38◦N, over at least the last 67 years. This 2013/2014 winter, which caused63

unprecedented coastal erosion in many locations from western Europe down to Morocco64

[e.g. Castelle et al., 2015; Suanez et al., 2015; Masselink et al., 2016a,b], was not captured65

by any of the above-mentioned climate indices. From the perspective of coastal hazards,66

climate indices are therefore also relevant if they can explain extreme wave energy events,67

which are critical to flooding, cliff failure and beach erosion [e.g. Menendez et al., 2008;68

Ruggiero et al., 2010; Barnard et al., 2011].69

Climate indices can be computed through the principal empirical orthogonal function70

(EOF) of surface pressure derived from numerical weather hindcast to give a physically-71

based expression of atmospheric structure [e.g. Rogers, 1981]. Alternatively, indices based72

on sea-level pressure (SLP) measurements can also be computed based on well-known73

atmospheric structures if relevant land-based measurements exist. For instance, the NAO74

index was first computed using measured SLP difference between Iceland and a south-75

ern station (Lisbon, Azores or Gibraltar) to capture the variability between the Azores76

high and the Icelandic low [Hurrell, 1995]. EOF- and SLP-based NAO indices gener-77

ally show very good agreement [Hurrell and Deser, 2009]. However, compared to EOF-78

based indices that need reliable numerical hindcast of large-scale SLP patterns, SLP-based79
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indices using 2 SLP stations have the advantage that they can be calculated back to the80

early 1900s, or even 1800s, as measured weather data from more than 100 years are not81

uncommon across the world [Trenberth and Paolino, 1980; Jones et al., 2013; Goodwin,82

2005].83

In this paper, we develop a new SLP-based climate index that acts as a primary con-84

trol on winter waves along the Atlantic coast of Europe. Previous studies systematically85

developed or used climate indices based on their atmospheric expression to further ad-86

dress their influences on, for instance, rainfall, temperature or wave climate. Instead, here87

the index is reverse engineered from the end product, namely winter wave height along88

the west coast of Europe, as large wave heights are the primary cause of coastal hazards.89

The optimal SLP gradient that best explains the observed variability of winter wave activ-90

ity is objectively searched from a 66-year numerical weather and wave hindcast. It will91

be shown that our new index explains between 40% and 90% of the observed winter-92

averaged wave height variability from southern Ireland down to Portugal, where all the93

other indices explain at best 40%, and that it also captures the variability of extreme wave94

heights. The positive phase of this climate index reflects an intensified latitudinal SLP gra-95

dient in the NE Atlantic, between Ireland and Canary Islands, driving increased W-SW96

winds around 45◦N that funnel high-energy waves towards western Europe together with97

deep low pressure systems passing over the UK.98

2 Data and method99

2.1 Atmospheric data and climate indices100

We used the 6-hourly SLP and 10-m wind (~u10) fields (2.5◦x2.5◦) of the NCEP/NCAR101

reanalysis project from January 1948 to April 2016 [Kalnay et al., 1996]. Storm tracks102

were computed using the algorithm described in Murray and Simmonds [1991]. This method103

is based on the local maxima in relative vorticity, rather than local pressure minima, as the104

former was shown to also identify small-scale pressure systems, and was further validated105

in the N Atlantic Ocean [Pinto et al., 2005]. Monthly teleconnection indices, based on the106

rotated EOF analysis described in Barnston and Livezey [1987] and available since Jan-107

uary 1950, were downloaded from the National Oceanic and Atmospheric Administration108

(NOAA) Climate Prediction Center (www.cpc.ncep.noaa.gov). We used the climate indices109

associated with the leading atmospheric modes in the N Atlantic and with proven links110
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with the wave climate in the NE Atlantic [Shimura et al., 2013], namely EOF-based NAO,111

EA and SCAND.112

2.2 Wave modelling113

To address long-term wave height variability in the N Atlantic, we used the same114

approach as detailed in Masselink et al. [2016a], extending the modeling effort to span115

the 68-year period 1948-2016. The spectral wave model Wave Watch III V14.18 [Tol-116

man, 2014] was implemented on a 0.5◦ resolution grid covering the N Atlantic Ocean117

(80◦-0◦W; 0◦-70◦N) forced with the 6-hourly wind fields ~u10 described in Section 2.1.118

For more detail on the modelling approach and the validation against a wealth of buoys119

along the European shelf, please see Masselink et al. [2016a]. Six virtual wave buoys were120

used to address the spatial distribution of wave heights along the entire Atlantic coast of121

Europe from Scotland in the North to Portugal in the South (Figure 1c): SC: Scotland; IR:122

Ireland; BR: Brittany; BI: Biscay; GA: Galicia; PT: Portugal.123

2.3 Methodology124

Winter averages of climate indices, grid point significant wave height Hs and their125

90%, 95% and 99% exceedance values (Hs90%, Hs95% and Hs90%), ~u10 and SLP was com-126

puted by averaging the monthly values for the Boreal winter [December, January, Febru-127

ary and March - DJFM, consistent with earlier climate studies, e.g. Camus et al., 2014b;128

Martinez-Asensio et al., 2016; Ouzeau et al., 2011] from 1950 to 2016 (66 winters). The129

relationship between winter-averaged Hs and all possible virtual climate indices was stud-130

ied computing the correlation coefficient R between the normalized time series of winter-131

averaged Hs and the difference of normalized SLP between all possible grid point pairs132

within the whole domain (80◦-0◦W; 0◦-70◦N). For each virtual buoy along the Atlantic133

coast of Europe (Figure 1c), the pair of virtual SLP stations that gave the highest correla-134

tion R was used to define the optimal climate index to explain the variability of winter-135

averaged Hs at that location. The same approach was also applied for only grid point136

pairs containing land within a corresponding 2.5◦x2.5◦ cell to further search for existing,137

relevant, long-term SLP measurements.138

–5–



Confidential manuscript submitted to Geophysical Research Letters

3 Results and discussion139

Figure 1a displays the optimal winter-averaged SLP gradients obtained by searching140

for virtual stations anywhere within the domain. It is of interest to note that for SC and141

IR, the south virtual SLP station of the optimal latitudinal gradient is closer to the Iberian142

Peninsula than to the Azores, suggesting that correlations between NAO and winter-averaged143

Hs for northern latitudes should be higher when using the Lisbon/Gibraltar - Reykjavik144

NAO SLP-station-based index than when using the Ponta-Delgada (Azores) - Reykjavik145

NAO SLP-station-based index. The corresponding correlation coefficient R is high (Ta-146

ble 1, 0.95 and 0.93 for SC and IR, respectively), meaning that the optimal NAO-like in-147

dex explains more than 86% of the winter-averaged Hs variability off Scotland and Ire-148

land. This is consistent with earlier studies [e.g. Dodet et al., 2010; Bertin et al., 2013;149

Bromirski and Cayan, 2015; Martinez-Asensio et al., 2016] showing that the NAO has150

a major impact on the winter-averaged Hs along the northern coast of Europe (NW of151

British isles). Going southward, the optimal SLP gradients become increasingly both lon-152

gitudinal and/or shifted southward, still with high correlation (R > 0.89, Table 1). While153

all the 4 southern buoys correlate with SLP gradients based on a northern virtual station154

within or in the vicinity of Ireland, the southern virtual stations are systematically located155

in the open ocean, inhibiting the use of land-based SLP pair measurements.156

Figure 1b is based on the same analysis, but using land-based stations only. The157

largest amount of winter-averaged Hs variability at the Scottish buoy (SC) is explained158

by the SLP-based Iceland - Lisbon definition of the NAO, which shows slightly better159

correlation than using the Iceland - Gibraltar definition. In contrast, the largest amount160

of winter-averaged Hs variability at all the other buoys (except PT) is explained by the161

anomaly in SLP gradients between Ireland and various southern locations (Azores, Ca-162

nary Islands, Spain or France), with systematically R > 0.89 (Table 1). Of note, while163

Figure 1b displays the optimal land-based SLP gradients, some other SLP gradients also164

show very good skill. For instance, the optimal SLP gradient for the BI (Bay of Biscay)165

buoy is Ireland - Azores (R = 0.92), but the SLP gradient Ireland - Canary Islands also166

shows very good skill (R = 0.86). Similarly, the NAO (Iceland - Lisbon gradient defini-167

tion) shows very good skill (R = 0.79) for the IR buoy, although it is outscored by a SLP168

gradient between Ireland and Brittany (R = 0.9, see Figure 1b and Table 1).169
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It is relevant to look for a climate index that skillfully explains the winter-averaged170

Hs along the entire Atlantic coast of Europe. However, the atmospheric patterns control-171

ling wave heights at the southern and northern latitudes of the west coast of Europe are172

significantly different and the NAO is known to strongly control winter height the northern173

regions. Therefore, it is relevant to address the region where the NAO and other climate174

indices show poor skill, i.e., from S Ireland to S Portugal. Accordingly, we searched for175

the optimal SLP gradient that, on average, shows the best correlation with the 4 southern176

buoys (black line gradient in Figure 1a, b).177

Results show that the variability of winter-averaged Hs is strongly controlled by an178

optimal SLP gradient that is essentially both latitudinal and longitudinal with a northern179

station in Ireland (Figure 1a). In contrast, the optimal gradient using land-based stations180

only is essentially latitudinal between Ireland and Canary Islands (Figure 1b), meaning181

that the loss of longitudinal SLP gradient is the result of the need to have land-based sta-182

tions. It is important to note that the optimal land-based SLP gradient showing the best183

correlation averaged over the 6 buoys is also Ireland - Canary Islands, although poor cor-184

relation is found at the northern latitudes (see below). Hereafter, this optimal climate in-185

dex is referred to as the Western Europe Pressure Anomaly (WEPA) and is calculated186

from the daily measured SLP at Valentia station (Ireland) and Santa Cruz de Tenerife,187

Canary Island (Spain). The winter time series of WEPA is provided as supplementary ma-188

terial.189

Figure 2 shows the spatial distribution of the correlation between the winter-averaged190

Hs as well as the winter-averaged H95%, and 3 climate indices, namely NAO, EA and191

our new index WEPA. The spatial distribution for SCAND is not shown here as poor192

correlation is found across the whole E Atlantic. In line with earlier studies [e.g. Dodet193

et al., 2010; Shimura et al., 2013; Bromirski and Cayan, 2015], the NAO is found to have194

a strong influence on the winter-averaged Hs at the northern latitudes (Figure 2a, c; R =195

0.89 for the SC buoy in Table 1). This influence dramatically decreases south of 52◦N196

(e.g. R = 0.45 at BI station, Figure 2a, c). In contrast, the EA shows better correlation197

south of 52◦N, although the correlation R along the coast is systematically below 0.65198

(see Table 1 and Figure 2d, f), meaning that EA explains at best approximately 40% of199

the observed winter-averaged Hs variability. Figure 2g, i shows the same analysis for our200

new climate index WEPA. Clearly, the correlation with winter-averaged Hs across the At-201

lantic coast of Europe south of 52◦N is greatly increased (R > 0.8), with even areas show-202
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ing R > 0.9-0.95 (e.g. R = 0.91 at Galicia buoy GA, Table 1). In addition, only WEPA203

captures the 2013/2014 winter that was characterized by extreme wave activity along the204

Atlantic coast of Europe [Masselink et al., 2016a, Figure 2i]. This is further emphasized205

by the spatial distribution of the correlation between the winter-averaged Hs95% and the206

same three climate indices (Fig. 2b, e and h). Correlation patterns for winter-averaged207

Hs95% are very similar to those of winter-averaged Hs , showing that WEPA captures both208

the temporal (2013/2014 winter, Fig. 2i) and spatial (Fig. 2h) variability of extreme wave209

energy.210

The relevance of the WEPA for the W coast of Europe is further emphasized in Fig-211

ure 3 that displays the spatial distribution of the optimal climate indices to explain the212

winter wave climate within the NE Atlantic. The optimal climate index is defined as the213

index with the highest R2 associated with the local winter-averaged Hs . Here, we now214

switch from R to R2 both to address the amount of variability explained by the index and215

to account for negative correlations. Disregarding the WEPA the two optimal climate in-216

dices explaining winter-averaged Hs along the Atlantic coast of Europe north and south217

of 52◦N are clearly NAO and EA, respectively (Figure 3a). This corroborates the results218

of Shimura et al. [2013] who included 9 teleconnection index in their study. Including the219

WEPA, Figure 3b shows that WEPA largely outscores the other indices along the Atlantic220

coast of Europe south of 52◦N. Compared to EA, WEPA increases the explanation of the221

winter-averaged Hs variability by 25-150% (see the large increase in R2 in Figure 3c).222

This improvement is even better when considering extreme wave events Figure 3d-f) with,223

for instance, an increase for Hs99% exceeding 200% along most of the Spanish and Por-224

tuguese coasts (Figure 3f).225

To further understand the control of WEPA on winter wave climate along the At-226

lantic coast of Europe, Figure 4 provides physical insight into the atmospheric phenomenon227

for both the NAO and the WEPA, with positive and negative phase of each index ad-228

dressed by averaging the 5 years with the largest and smallest values, respectively (Fig-229

ure 4g). During the positive phase of the NAO (NAO+, Figure 4a-d), larger and smaller230

waves are observed at northern and southern latitudes, respectively (Figure 4a, b). The231

strengthened latitudinal SLP gradient, which corresponds to a wider and stronger anticy-232

clone centered on the Azores and lower pressures in high latitudes (Figure 4c, d), drives233

deep low pressure systems passing between Greenland and Scotland (Figure 4e) associated234

with increased W-SW winds around 60◦N (Figure 4d). This drives larger winter waves at235
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northern latitudes during NAO+. The opposite situation is observed during the negative236

phase of the NAO (NAO-, Figure 4f-j) with fewer and less deep, southward-shifted, low237

pressure systems driving slightly larger and much smaller winter waves in the southern238

and northern latitudes, respectively. During the positive phase of the WEPA, larger waves239

are observed from the mid to southern latitudes with a maximum increase in the Bay of240

Biscay (Figure 4k, l). The SLP pattern consists of a latitudinal dipole of anomaly that241

resembles a 15◦ southward-shifted NOA pattern, driving increased W-SW winds around242

45◦N funneling towards western Europe (Figure 4m, n). This SLP anomaly pattern also243

drives a large number of deep low pressure systems passing over Ireland and UK (Fig-244

ure 4t) together with much stronger than average SW to W winds across the middle lati-245

tudes (Figure 4n). This generates larger waves across the Atlantic coast of Europe south246

of 52◦N during WEPA+. In contrast, during the negative phase of WEPA, which resem-247

bles a northward-shifted and less intense NOA+ pattern, fewer storms and smaller winter248

waves are observed from SW Ireland to S Portugal.249

Both phases of the WEPA are associated with profound large-scale changes in mean250

SLP and wind patterns and, as a result, in the intensity, location and trajectories of severe251

storm tracks driving extreme wave events. Although the WEPA can be interpreted as a252

southward shifted NAO, the indices WEPA and NAO are not correlated (R = 0.08). The253

key factor determining this optimal SLP gradient is the reduction in the northerly extent254

of SLP gradients by replacing Iceland by Ireland as the northern SLP station. Other SLP-255

based indices were computed based on Valentia station (Ireland) to the north and other256

southern stations (e.g. Azores, Gibraltar). These indices also show excellent, although257

slightly inferior, overall skill from SW Ireland to S Portugal. These indices also outscore258

WEPA at some locations. For instance, the SLP-based index between Ireland and Azores259

shows outstanding skill in the Bay of Biscay, explaining 85% of the observed winter-260

averaged Hs at the BI buoy, but does a poor job in S Portugal. Similarly to WEPA, the261

EA pattern is often interpreted as a southward-shifted NAO pattern. However, despite 36%262

of the WEPA variability being explained by EA, the two indices show different skill. For263

instance, only the WEPA captures the extreme winter 2013/2014 [Masselink et al., 2016a].264

In addition, WEPA is much more relevant than EA along the coast of Europe, while EA265

shows more skill further offshore eastward of -25◦. WEPA is therefore of much more rel-266

evance than EA from the coastal hazards perspective, which is further emphasized in the267

analysis of Hs90%, Hs95% and Hs99% (Figure 3d-f). Finally, as the Valentia and Canary Is-268
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land SLP data have been measured from 1943 a 74-year time series of the WEPA index is269

available (supplementary material) to further explore its influence on wave climate in the270

N Atlantic, particularly in the coastal regions. In addition, potential relationships between271

WEPA and, for instance, rainfall and temperatures in western Europe should be explored.272

4 Conclusions273

A generic method using numerical weather and wave hindcast was developed to274

identify the optimal SLP-based climate index explaining winter wave activity along the275

Atlantic coast of Europe spanning 1950-2016. The resulting so-called Western Europe276

Anomaly (WEPA) index is based on the normalized SLP difference measured between the277

stations Valentia (Ireland) and Santa Cruz de Tenerife (Canary Islands, Spain). The pos-278

itive phase of WEPA reflects intensified latitudinal SLP gradient in the NE Atlantic that279

drives increased W-SW winds around 45◦ associated with severe storms, many eventu-280

ally passing over UK, which funnel high-energy waves towards western Europe. Com-281

plementary to the NAO that controls winter-averaged Hs in the NW of the British Island282

(> 52◦N), our new index WEPA explains between 40% and 90% of the observed winter-283

averaged Hs variability along the Atlantic coast of Europe southward of 52◦. WEPA largely284

outscores the SCAND and EA indices, which are often argued as the primary control285

of winter wave activity in this region. WEPA is also the most relevant index to capture286

extreme wave height both spatially and temporally, like for the extreme 2013/2014 that287

caused severe erosion along the Atlantic coast of Europe. We therefore anticipate that the288

WEPA index is critical to understand coastal hazards in western Europe. Finally, further289

testing in other coastal regions worldwide and for other end products (e.g. rainfall) should290

be carried out to assess the generality of this method to develop improved climate indices.291
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Figure 1. Simulated optimal winter-averaged (DJFM) SLP gradients from (a) virtual stations anywhere

within the domain (80◦-0◦W; 0◦-70◦N) and (b) virtual stations containing land within the corresponding

2.5◦x2.5◦ cell, which explain the largest amount of variability of winter-averaged Hs at (c) 6 virtual wave

buoys along the W coast of Europe. SC: Scotland; IR: Ireland; BR: Brittany; BI: Biscay; GA: Galicia; PT:

Portugal. The buoys considered for each gradient are given by the color code, and the black gradient in (a,b)

indicates the optimal pressure gradient combining the 4 southern buoys BR, BI, GA and PT. The winter-

averaged (1950-2016) SLP and Hs are colored in the background in panel (a) and (b), respectively.
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Figure 2. Left-hand and middle panels show the spatial correlation of the winter(DJFM)-averaged Hs and

Hs95%, respectively, against the winter-averaged (a,b) NAO and (d,e) EA indices, and against (g,h) our new

WEPA index computed as the normalized SLP difference measured between station Valentia (Ireland) and

station Santa Cruz de Tenerife (Canary Islands, Spain). Right-hand panels: time series of the corresponding

indices with superimposed normalized winter-averaged Hs simulated at the buoys SC (Scotland, black) and

BI (Biscay, grey) with corresponding correlation coefficient.
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Figure 3. Top panels: spatial distribution of optimal climate indices explaining the largest variability of

local winter-averaged Hs (DJFM) (a) ignoring and (b) accounting for our new WEPA climate index com-

puted as the normalized SLP difference measured between station Valentia (Ireland) and station Santa Cruz

de Tenerife (Canary Islands, Spain), with the corresponding regression coefficient R2 contoured in the back-

ground of both panels. (c) Corresponding spatial distribution of the increase (%) in R2 including the WEPA

as a climate index in the NE Atlantic, in winter-averaged Hs predictability. WEPA index increases by 25 to

125% the explanation of the winter-averaged Hs variability along the Atlantic coast of Europe from S Ireland

to Portugal. Bottom panels show the same analysis as in (c) but for (d) Hs90%, (e) Hs95% and (f) Hs99%.
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Figure 4. Influence of the NAO and WEPA indices on winter-averaged Hs , SLP, 10-m surface winds and

storm tracks, with positive and negative phase of each index addressed by averaging the 5 years with the

largest and smallest index values over 1950-2016, respectively. First column: winter-averaged Hs ; second

column: corresponding anomaly; third column: winter-averaged SLP with superimposed ~u10 field; fourth

column: corresponding anomaly; fifth column: superimposed storm tracks over the 5 years with the colored

circles indicating the sea-level pressure at the center of the low pressure system every 6 hours. Note that for

clarity and to focus on the more severe storms, only identified storms that have a low pressure center deeper

than 96 000 Pa are plotted. By order of decreasing importance, the 5 winter years considered for each index

phase are: NAO+ (2015, 1989, 1995, 2012, 2000); NAO- (2010, 1964, 1969, 1963, 1977); WEPA+ (2014,

1994, 2001, 2016, 1977); WEPA- (1992, 1953, 2005, 1976, 1993) where, for instance, 1977 means the DJFM

1976/1977 winter.
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Computed indices Climate indices

max{R} max{R}(land) RWEPA RN AO REA RSCAND

Scotland (SC) 0.95 0.95 0.10 0.89 0.18 -0.50

Ireland (IR) 0.93 0.90 0.48 0.79 0.44 -0.34

Brittany (BR) 0.89 0.89 0.81 0.47 .65 -0.10

Biscay (BI) 0.94 0.92 0.86 0.45 .57 0.02

Galicia (GA) 0.91 0.90 0.91 0.12 .64 0.18

Portugal (PT) 0.92 0.85 0.80 -0.22 .58 0.36

Table 1. Correlation coefficient R between the winter-averaged Hs (DJFM) simulated at the 6 buoys (left-

hand columns) against simulated optimal (max{R}) winter-averaged normalized SLP difference between

virtual stations anywhere within the domain (80◦-0◦W; 0◦-70◦N) or virtual grid point stations containing land

within the corresponding 2.5◦x2.5◦ cell. The right-hand side of the table indicates the correlation coefficient

R between the winter-averaged Hs at the 6 buoys and the leading atmospheric modes in the N Atlantic (NAO,

EA and SCAND) as well as the WEPA. Bold font indicate the maximum correlation with climate indices.
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