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ABSTRACT

Episodes of extremely strong northerly winds (known as etesians) during boreal summer can cause hazardous

conditions over the Aegean Archipelago (Greece) and represent a threat for the safe design, construction, and

operation of wind energy turbines. Here, these extremes are characterized by employing a peak-over-threshold

approach in the extended summer season (May–September) from 1989 to 2008. Twelve meteorological stations

in the Aegean are used, and results are compared with 6-hourly wind speed data from five ERA-Interim–driven

regional climate model (RCM) simulations from the European domain of the Coordinated Regional Climate

Downscaling Experiment (EURO-CORDEX). Themain findings show that, in the range of wind speeds for the

maximum power output of the turbine, the most etesian-exposed stations could operate 90% at a hub height of

80m. The central and northern Aegean are identified as areas prone to wind hazards, where medium- to

high-wind (class II or I according to the International Electrotechnical Committee standards) wind turbines could

bemore suitable. In the centralAegean, turbineswith a cutoutwind speed. 25m s21 are recommended.Overall,

RCMs can be considered a valuable tool for investigating wind resources at regional scale. Therefore, this study

encourages a broader use of climate models for the assessment of future wind energy potential over the Aegean.

1. Introduction

The etesians are one of the major and most prominent

wind systems in Europe, prevailing over the Aegean Sea

during summer and early autumn (Tyrlis and Lelieveld

2013; Anagnostopoulou et al. 2014; Dafka et al. 2016, and

references therein). These synoptically driven wind events

originate from the combined influence of the high pressure

system over central Europe and the Balkans and the ex-

tension of the Persian trough over the eastern Mediterra-

nean (Tyrlis and Lelieveld 2013; Dafka et al. 2016). The

etesians can reach gale force strength, while they can

persist over a period of several days (Dafka et al. 2016).

Thus, the realistic simulation of etesian wind speed, at a

particular site, is of major importance for the safe design

and construction of wind turbines, as well as for risk as-

sessments for insurance/reinsurance companies.

Several studies have identified central Greece and the

Aegean Sea as areas of high potential for wind energy

(Bloom et al. 2008; Fyrippis et al. 2010). Borhan (1998)

reported that 63% of the observed pressure gradients dur-

ing summer months are strong, allowing for wind power

potential along theAegean coasts of Turkey. Fyrippis et al.

(2010) estimated high potential wind energy at Naxos

(central Aegean) during the period August 2006–July

2007 using Weibull and Rayleigh distribution functions.

Bagiorgas et al. (2012) identified maximum mean wind

speed of 7.8ms21 and maximum energy of 20.46 GWh

(with 11yr of available data) inMykonos (centralAegean).

Hueging et al. (2013) and Tobin et al. (2016) pointed to a

decrease of energy potential over southern Europe in all

seasons for the period 2061–2100, except summer for the

Aegean Sea. Despite the economic crisis over the past
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years, Greece experienced a fourfold increase in installed

wind energy capacity, reaching 2.82 GW in 2017 (Pineda

and Tardieu 2018). In addition, significant investments in

the wind energy sector have led to the construction of al-

most 140 wind farms distributed both in several inland

areas and on islands. This energy potential is attracting

many investors from all over the world. However, no ac-

curate extreme wind statistics for Aegean measuring sta-

tions is available so far.

As a step toward assessing the wind potential over the

Aegean Sea, this study aims at evaluating the wind re-

sources and estimating climate models’ performance

with respect to extreme wind speeds (intense etesians),

by analyzing the newest high-resolution Coordinated

Regional Climate Downscaling Experiment (EURO-

CORDEX) regional climate models (RCMs) for Europe

(Jacob et al. 2014). Model outputs are validated against

daily observationalmeasurements from theAegean Sea.

The EURO-CORDEX simulations are available at

spatial resolutions of around 12km [0.118 (EUR-11)].

Dafka et al. (2018) evaluated the performance of the

EURO-CORDEX RCMs in capturing the etesian wind

system for the observational period 1989–2004. They

demonstrated the ability of EURO-CORDEXRCMs in

simulating the etesians and the associated large-scale

atmospheric circulation.

This study analyses the magnitude, frequency, and

spatial distribution of extreme winds over the Aegean

Sea at three different hub heights, including uncertainty

estimates. Further, it identifies key regions that are

prone to wind hazards and estimates the return periods

for specific extreme events. Overall, it aims at evaluating

the state-of-the-art RCMs in reproducing extreme wind

speeds over complex terrain in a climatological per-

spective. Finally, it paves the way for future studies on

the use of RCMs in the evaluation of site-specific wind

conditions over the Aegean.

The paper is organized as follows: In section 2, in-

strumental and model data are presented; section 3

provides an explanation of the applied methods; results

and discussions are presented in section 4. The conclu-

sions are given in section 5.

2. Data

Simulations from five models of the EURO-CORDEX

ensemble (see Table S1 in the online supplementary ma-

terial) with different configurations and physical parame-

terizations are here used. Six-hourly mean sea level

pressure (SLP) data as well as zonal and meridional wind

components at 10m for the months May–September

during the EURO-CORDEX hindcast period 1989–2008

have been retrieved. All models, except ARPEGE,

version 5.2 (v5.2), are RCMs forced by the ERA-Interim

(ERAint; Dee et al. 2011) at their lateral boundaries and

by sea surface temperature in the interior of the EURO-

CORDEX domain. ARPEGE-v5.2 is a global climate

model that uses a special regional setup, in which tem-

perature, wind speed, and specific humidity are nudged

toward ERAint outside the EURO-CORDEX domain.

There is no interior nudging in any of the models used in

this study (Prein et al. 2016). Hereinafter, all of themodels

will be named RCM for sake of brevity and identified by

the name of the institution where the simulation was per-

formed. Further details on the models are given in the

online supplementary material.

Moreover, 6-h wind speed data (at 10m) from 12 sta-

tions over the Aegean Sea (Fig. 1) have been retrieved

from the Hellenic National Meteorological Service (see

supplemental Table S2). Measurements from this net-

work cover the extended summer seasonMay–September

from 1989 to 2008. To compare the RCMs with observa-

tions, the simulated wind speed is bilinearly interpolated

to the observation sites.

3. Methods

A number of studies have applied tools and methods

from the extreme value theory to estimate extreme

wind events (Patlakas et al. 2016; Kunz et al. 2010; de

Oliveira et al. 2011; Della-Marta et al. 2009). To study

wind speed extremes associated with etesians, we use

the peak-over-threshold approach (POT; Coles 2001;

Davison and Smith 1990). The POT approach con-

siders all values greater than a given high enough

threshold u, and it is based on the Balkema–de Haan–

Pickands theorem (Balkema and de Haan 1974;

Pickands 1975). A similar approach has been already

used in wind speed modeling (see Vagenas et al. 2017;

Kislov and Matveeva 2016; Patlakas et al. 2016;

Outten and Esau 2013; Kunz et al. 2010).

a. Selection of the northerlies

Following Dafka et al. (2016, 2018), we use the pres-

sure gradient over the Aegean Sea to define an etesian

day. This methodology considers the daily 6-hourly SLP

differenceDP between the stations Elliniko (Attica) and

Rhodes (eastern Aegean; Fig. 1). However, with respect

to observations, a complete daily 6-hourly SLP dataset

from the period 1989–2008 is not available. As ERAint

realistically reproduces the pressure tendencies in

both stations and provides good representation of

the etesian wind system (Dafka et al. 2018), the closest-

to-the-two-stations grid points from ERAint (DPERAint)

are here used for the selection of the etesian days in

the observational series. In addition, the pressure
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differences of the closest grid points from each

RCM (DPCNRM1, DPCNRM2, DPDMI, DPSMHI, and DPIPSL;

the institutional acronyms in the subscripts are defined in

Table S1) to the two stations’ grid points are derived.

Days with negative DP indicate southerly flow over the

Aegean Sea and, thus, are excluded from the analysis.

b. Wind speed interpolation

In the frame of the Aegean-Gaseous and Aerosol

Airborne Measurements (GAME) airborne campaign

(Tombrou et al. 2015), three flights were performed to

study the meteorological and turbulence parameters

over the Aegean Sea during etesians. The planetary

boundary layer height was found to have considerable

depth, around 1.5 km over the northern Aegean Sea,

while it gradually increased up to 2.5 km over the

southern parts of the Archipelago. During the in-

vestigated intense etesians most of the region exhibited

neutral to stable atmospheric conditions. Unstable

conditions prevailed in the eastern part of Crete during

moderate etesians. Newman and Klein (2014) provided

new insights about the accuracy of various extrapolation

methods of wind speed data for different stability re-

gimes. They showed that the power law produces the

most accurate 80-m wind speed estimates for stable

regimes. The Monin–Obukhov similarity theory assumes

that heat and momentum fluxes are uniform with height

(Arya 2001), which is likely not true in case of intense

etesians, since they are accompanied by strongwind shear

at the surface and strong turbulences fluxes, suggesting

the existence of downward transport of momentum to-

ward the surface (Kostopoulos et al. 2013).

The power law (commonly used in wind energy

studies; Mölders et al. 2015; Hueging et al. 2013; Ernst

and Seume 2012) estimates the wind speed at different

heights by using wind speed at a reference height close

to the ground (typically 10m). It is defined by

y(z)5 y
ref

 
z

z
ref

!p

, (1)

where y(z) is the wind speed at height z, yref is the wind

speed at height zref, and p is the power-law exponent.

High values of p indicate that the wind speed changes

rapidly with height, which is common in stable regimes

(Newman and Klein 2014). When the wind shear co-

efficient is properly estimated, the power law can

provide a more accurate idea of the renewable energy

output of a particular site or area than the log law, which

requires neutral stability conditions (Kubik et al. 2011).

Indeed, the wind shear exponent varies highly with

FIG. 1. Study region and location of the 12 Aegean stations (plus signs). The large black

dots give the locations of the Elliniko and Rhodes stations. Red dots represent the adjacent

grid points of the RCMs. Shading is used to represent the orography of the region (m).
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height, time of day, season, nature of the terrain, wind

speed, and atmospheric stability; thus, its determination

at any single location is a complicated task, subject to

significant risk of uncertainty (Ray et al. 2006). Emeis

(2005) found that for very smooth terrain (offshore

and near the coasts) and under nearly neutral condi-

tions the power law is a good approximation of the real

surface-layer wind profile, whereas in the periurban

coastal areas—over large roughness surfaces—the value

of the average exponent is about 0.2 (0.14–0.26). In ad-

dition, Owen (2004) calculated a shear exponent of

about 0.17 for nearshore stations in southeast Wiscon-

sin, under moderately stable conditions. More recently,

Ng and Ran (2016) also suggested the value of;0.17 for

the wind shear exponent in nearshore wind conditions.

Rehman et al. (2013) identified a more realistic range of

wind shear coefficient between 0.16 and 0.23 for near-

shore areas in Saudi Arabia. In this study, the wind

speed is extrapolated from the height of 10m (zref) to

different hub heights z (50, 80, and 100m) by employing

the power law as described above, with p 5 0.2, consis-

tently with previous studies. Note that the uncertainty in

the projected wind speed depends on the uncertainty in

the power-law exponents. The standard deviation of the

projected speed (sy) is a measure of the uncertainty and

is given by

s
y
5 100s

p
ln

 
z

z
ref

!
%.

Assuming p 5 0.2 6 0.05, the wind speed uncertainty

extrapolated from 10 to 80m is 610%.

c. Intense etesians

For the identification of intense etesians, the 90th

percentile of 6-hourly wind speed data (that satisfy the

condition DP $ 0) is used as threshold. This provides

approximately 1000–1400 6-hourly exceedances, repre-

senting the top 10%ofwind events at each station. Table 1

gives an overview of the classificationmethod and shows

the average percentage of 6-hourly events that fall in

each category (i.e., southerly flow, northerly flow, and

intense etesians).

The etesians typically blow northeasterly over the

northern Aegean (Alexandroupoli, Skyros, and Mytilini)

and northerly over the central Aegean (Naxos and Thira),

and they are shifted northwesterly along the south-

southeastern Aegean coasts (Heraklion and Rhodes;

Repapis et al. 1978). Note that the dominant etesian wind

pattern is reproduced adequately. This is confirmed by the

wind roses associated with the observed intense etesian

days at nine stations over the Aegean Sea (not shown).

Once the exceedances over the threshold u are obtained,

their distribution is inferred within the generalized Pareto

family by estimating the model’s parameters with the

maximum likelihood approach (Martins and Stedinger

2000; Coles 2001). A visual check is then performed by

using quantile–quantile plots (Q–Qplot). The generalized

Pareto distribution (GPD) function for scale 5 s and

shape 5 j is given by

G(x)5 12

�
11

j(x2 u)

s

�21/j

(2)

for 1 1 j(x 2 u)/s . 0 and x . u.

The shape parameter describes the tail behavior:

bounded for negative values, exponential when j 5 0,

heavy for positive values.

A wind turbine shall be designed to safely withstand

the wind conditions, while the design values shall be

clearly specified in the technical documentation. The

wind regime for load and safety design considers the

extreme wind conditions having a 50-yr recurrence pe-

riod [International Electrotechnical Committee (IEC)

2005]. The N-yr wind speed is defined as the wind speed

exceeded on average once in a period of N years. Note

that the length of the analyzed time series (20 yr) can be

considered sufficiently large to estimate the 50-yr return

levels (Pryor et al. 2012). Therefore, we estimate the 50-yr

return level RL at different hub heights (50, 80, 100m) to

define extreme etesians using the equation

RL5 u1
s

j
[(Nn

y
P
u,n
)j 2 1], (3)

where ny denotes the number of events per season and

Pu,n denotes the probability of being above the threshold

u. In addition, the 2-, 5-, and 10-yr RL are estimated as

TABLE 1. Classified events of the extended summer season May to September 1989–2008.

Condition Name of group Percentage of events (avg of all datasets)

DP , 0 Southerly flow 14.4

DP $ 0 Northerly flow 85.6

6-h events with DP $ 0 that satisfy the condition

of wind speed $ 90th percentile

Intense etesians 10.0
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well. This analysis quantifies the uncertainties in the RL

estimates by using the profile likelihood approach (Coles

2001; Della-Marta et al. 2009).

Two important characteristics of any wind turbine are

the nominal speed ynom, which is the lowest wind speed

at which a turbine operates at its rated capacity (i.e., at

maximum power output) and the cutout speed ycutout,

which is the lowest wind speed at which there is risk for

turbine damages (IEC 2005). Typical values are usually

in the range of 12–16ms21 for the ynom and 20–35ms21

for the ycutout. Current installed wind turbines in the

Aegean have an average ynom and ycutout equal to 14 and

25ms21, respectively (http://www.en.energyregister.gr).

Thus, these values are considered here, and their return

period (RP) is estimated.

4. Results

Prior to the specific analysis on extremes, a brief de-

scription of the main wind characteristics based on the

observational measurements at the 12 stations in the

Aegean is given. The stations located in the central and

western Aegean are characterized by mean annual wind

speeds $ 7m s21 at 80m (i.e., wind power class $ 3;

IEC 2005), which are generally considered suitable for

wind power generation (Archer and Jacobson 2005).

The highest values are found over the central Aegean

Sea with annual wind speed of 10.8 and 8.7m s21 at

Naxos and Thira, respectively. When only the intense

etesians are considered, then all reporting stations ex-

perience mean wind speeds $ 11m s21 at 80m (i.e.,

wind power class 1; IEC 2005). In the following sub-

sections, as the analysis on all the selected hub

heights shows similar findings, only results at 80m are

presented.

a. GPD validation

The results based on the RCMs suggest that in most

cases (especially for the SMHI and IPSL models) the

GPD fits are reasonably good except for a few sites; this

is confirmed by theQ–Qplots (see the example of Naxos

in online supplemental Figs. S1b–f). As for the observed

values, the results suggest that extreme wind speeds are

very well fitted by theGPD. The high quality of these fits

suggests that reliable extreme wind climatology can be

obtained.

FIG. 2. (a) The observed estimated threshold values (m s21) for the observational measurements. (b)–(f) Spatial distribution of the

threshold biases (RCM 2 observations; m s21) at a hub height of 80m for the EUR-11 simulations over the period 1989–2008.
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b. GPD parameters at 80m

The estimated biases (RCM 2 observation) of the

threshold levels at hub height 80m are displayed in

Fig. 2. In all datasets higher thresholds are found at the

central Aegean stations (Naxos and Thira), with values

around 15ms21. Lower thresholds are visible in the

western Aegean Sea (Elliniko, Tatoi, and Souda), which

correspond to less etesian-exposed stations (Fig. 2). The

DMI and SMHI models show better skill in reproducing

the observed 90th percentile (Figs. 2d,e) than do the other

three models. A clear underestimation of the thresholds,

especially over thewestern and eastern parts of the etesian

region, is found forCNRM1andCNRM2 (Figs. 2b,c). The

wind speed thresholds are overestimated by the IPSL

model, especially over the western Aegean sites (Fig. 2f).

Overall, most RCMs show good performance in simulat-

ing the threshold values and biases typically do not exceed

2–4ms21 (Fig. 2).

Figure 3 presents the estimated shape parameter j at

80m. The values are negative at all stations and hub

heights (not shown for 50 and 100m). More specifically,

values range between 20.03 and 20.35 implying boun-

ded tails in the region, which is physically consistent with

the constraint of the pressure gradient. RCM shape es-

timates are in fairly close agreement with the actual

wind speed data.

As for the scale parameter s (Fig. 4), models show a

homogeneous spatial behavior whereas observations

(Fig. 4a) are characterized by higher spatial variability

and higher values. The highest values of the scale pa-

rameter are identified for most of the RCMs (but

CNRM2) in the northern andwestern parts of the domain

(Fig. 4). In addition, the distribution of the scale param-

eter s seems to be inversely proportional to the threshold

levels (unlike CNRM1 andCNRM2), indicating that sites

with lower thresholds display wider distributions.

c. Return levels

In this section we analyze the spatial variability of

2-, 5-, 10-, and 50-yr RL at different hub heights (i.e., 50,

80, and 100m). For wind turbine selection, the 50-yr

extreme wind is usually required (IEC 2005). Figure 5

shows the 50-yr RL at 80m (the results of the other

heights are provided in the supplementary material). As

in the previous figures, differences in wind exposure

can be easily seen: the most etesian-exposed stations

FIG. 3. Spatial distribution of the shape parameter j at the hub height of 80m for (a) the observational measurements and

(b)–(f) the EUR-11 simulations over 1989–2008.
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(i.e., exposed to the prevailing strongest winds, lo-

cated mostly over north and central Aegean) exhibit the

highest RL (Fig. 5). In comparison with RCMs, the

50-yr RL of the observations has higher values (gen-

erally between 21 and 33m s21; Fig. 5a). As for the

models, CNRM1 and CNRM2 tend to underestimate

the wind extremes at most stations (;30%). Over the

western Aegean Sea (Elliniko, Tatoi, and Souda), ex-

tremes are underestimated by models up to 50%

(Figs. 5b,c). Dafka et al. (2018) have shown that the

CNRM simulations tend to underestimate the mean

wind speed (3–5m s21) over the Aegean Sea for the

period 1989–2004 consistently with the underestimated

pressure gradient over the Archipelago. They have

also reported that this underestimation may indicate

weaknesses in physical and land surface processes pa-

rameterization schemes. Wind speed RL is clearly un-

derestimated in the SMHI model (;18%; Fig. 5e). The

DMI and IPSLmodels show good representation of the

RL of the intense etesians wind speed, while biases

over the Aegean do not exceed;9%–13% (Figs. 5d,f).

The ability of regional models, such as the IPSL, to

resolve major features of the topography and surface

properties (such as coastal boundaries) as well as to

develop accurate wind climatology has been also

identified by previous studies (Dafka et al. 2018; Zhang

et al. 2012; Salvação et al. 2014).

The 2-, 5-, and 10-yr RL for most of the stations over

the Aegean Sea vary in the range of 20–30m s21 for the

observational time series, 15 and 25m s21 for the DMI,

SMHI, and IPSL models and 10 and 20m s21 for the

CNRM1 and CNRM2 simulations (see supplemental

Figs. S2–S4). Note that the underestimation of the RL

increases with the RP; in particular, an RP of 50 yr

shows larger underestimation of around 3%–5% rela-

tive to the other RPs. The differences between the RL

values at different hub heights are very small, around

1–2ms21 (from 50 to 80m and from 80 to 100m) at all

stations and RPs (not shown).

The characterization of the vulnerability of wind tur-

bine and the evaluation of the risks associated with ex-

treme winds is usually derived from a number of factors,

including the frequency and intensity of the hazard.

More specifically, cases that are characterized by lower

thresholds but high RL, such as in Skyros and Thira

(Fig. 2 and supplemental Fig. S6a), are considered to be

associated with increased risk of turbine damage. Al-

though Skyros has a low threshold of around 11ms21, a

FIG. 4. As in Fig. 3, but for the scale parameter s.
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quite high 50-yr (2-yr) RL of 33 (24) m s21 is estimated.

However, we should also emphasize that RL estimation

is characterized by intrinsic uncertainties connected

with the estimation of the shape parameters especially

for longer RPs.

The uncertainty of the extreme wind speed is strongly

related to the partial safety factor used in design.

According to the IEC61400-1, this factor is based on the

assumption that the uncertainty of the extreme wind

speed is 10% (Ishihara and Yamaguchi 2015). The ob-

servations produce narrower confidence intervals, and

thus, reduce the uncertainty in RL estimation for all

RPs considered, over the central and eastern Aegean

(see supplemental Fig. S5a). In comparing the 95%

confidence intervals resulting from models (see supple-

mental Figs. S5b–f) with observations, similar values

can be seen in the SMHI (DMI)model in the central and

eastern (northern and western) Aegean (for all RPs

considered). Note that the uncertainty of the RL in-

creases with the RP; in particular, an RP of 50 yr, which

corresponds to a very extreme event, is associated with

very large confidence intervals, and thus the RL should

be interpreted with caution. Finally, the 95% confidence

intervals at different hub heights show very small

differences, around 0.1–0.2m s21 (from 50 to 80m and

80 to 100m) at all stations and RPs (not shown).

Overall, the 50-yr extreme winds show some clear

differences between the five simulations and the obser-

vational measurements (Fig. 5). For instance, the un-

derestimation of the CNRM simulations with wind

speed values approximately 5–7m s21 lower than the

observed ones (Figs. 5b,c), especially over the western

Aegean stations (Elliniko, Tatoi, and Souda). Despite

these differences, some obvious common features be-

tween the RCMs and observations can be seen: the

highest return wind speeds appear over the most

etesian-exposed sites. Finally, the DMI and the IPSL

models show the best performance regarding the 50-yr

RL (Fig. 5d).

d. Nominal and cutout speed

The estimated RP in years (days) during which, at a

given location, the wind speed exceeds the ycutout (ynom)

at 80m, is shown in Fig. 6 (supplemental Fig. S6). The

wind-exposed stations (located over the central and

northern Aegean Sea) can be identified because of the

low ynom RPs (0–7 days; see supplemental Fig. S6).

Simulated wind speeds of CNRM1 and CNRM2 exceed

FIG. 5. As in Fig. 3, but for the 50-yr RL.
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less frequently the ynom at most sites (except for the

central Aegean Sea; see supplemental Figs. S6b,c) rel-

ative to the observed values (see supplemental Fig. S6a).

In addition, there are no exceedances of the wind speed

at rated power for Tatoi and Elliniko. As expected, the

highest RPs (10–30 days) are found in regions that are

less exposed to the etesian wind influence including the

western Aegean sites. The distribution of ycutout, which

serves for safety and avoidance of turbine destruction, is

very inhomogeneous, since the RPs range from ,2 to

5001 yr, as can be seen in Fig. 6. Since for many stations

the distribution is bounded, in some cases the ycutout is

beyond the upper bound (gray boxes, Fig. 6). For

CNRM simulations, wind speed of 25ms21 is excep-

tional, with most RPs being higher than 100 yr. How-

ever, observational series from DMI and IPSL show

that a few stations in the central Aegean basin feature

relatively low RPs [;(1–15) yr; Figs. 6a,d]. This finding

potentially suggests that at these sites (especially in

Naxos and Thira) wind turbines with higher or variable

ycutout should be considered as more suitable for wind

farm development. In addition, turbines with ynom and

ycutout equal to 14 and 25ms21, respectively, are likely

more suitable for wind farms development at the

southeastern and northern Aegean sites (see Fig. 6 and

supplemental Fig. S6a). Overall, the DMI model shows

better skill in both estimates (i.e., ynom and ycutout) when

compared with observational measurements (Figs. 6a,d

and supplemental Figs. S6a,d). The other RCMs show

some limitations in this respect, especially the CNRM2,

which shows a general underestimation almost every-

where of the ynom RPs (10–40 days; see supplemental

Fig. S6c).

5. Conclusions and outlook

This study provided estimations of the 2-, 5-, 10-, and

50-yr RL of intense etesians wind speed at 12 measuring

stations in the Aegean (covering the period 1989–2008)

and at three different hub heights by using an ex-

treme value theory–based approach. The analysis used

6-hourly in situ measurements in comparison with

model-simulated wind speeds from five RCMs, par-

ticipating in the EURO-CORDEX initiative.

Results indicate that significant and substantial wind

resources exist throughout the Aegean. Currently, the

FIG. 6. Spatial distribution of the RPs in years during which the wind speed exceeds ycutout at a hub height of 80 m for 1989–2008. Gray

squares indicate that the ycutout is beyond the upper bound of the distribution. Dark-green squares indicate an RP of 5001 yr.
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best operating conditions of wind turbines in theAegean

are defined by wind speed in the range 14–25ms21.

According to these values, the most etesian-exposed

stations (i.e., those lying in the central and northern

Aegean) would be capable of operating approximately

90% at hub heights above 80m. However, there is a

clear spatial dependence indicating a drop in the oper-

ating frequency (to roughly 25%) at less etesian-

exposed stations. More specifically, the Aegean Sea

can be divided into five distinct subregions (in de-

creasing order of RL) with regard to the highest RL in

all RPs and hub heights: (i) central (Naxos, Thira), (ii)

north (Lemnos and Skyros), (iii) east (Mytilini, Samos,

and Kos), (iv) south (Herakleion and Rhodes), and (v)

west (Tatoi, Elliniko, and Souda). The above sub-

regions, which demonstrated high wind speeds and

stable wind directions (specified by the typical etesian

pattern), can potentially provide attractive prospects for

future wind farms development.

In comparison with observational measurements, all

models are able to reasonably reproduce the spatial dis-

tribution of the extremes at these specific stations in the

Aegean. In line with previous studies, most RCM simu-

lations slightly underestimate the extreme wind speeds

for all RPs and hub heights. However, all models except

one (CNRM) allow for a very good representation of

wind extremes. Thus, these models can be considered a

useful tool for impact assessment of wind extremes.

Nevertheless, the identified large intermodel spread ap-

pears to be the largest source of uncertainty, and it might

be linked to different representations of smaller-scale

processes.

Overall, the central and northern Aegean areas are

more prone to wind hazards than the others subregions;

thus, medium–high-wind IEC class turbines can bemore

suitable. As for the turbine’s design parameters, cutout

wind speed. 25ms21 are recommended for the central

Aegean. It is worth mentioning that this analysis is

limited to the etesian winds (which are a summer phe-

nomenon), and additional analyses for wind extremes

during the winter period should be considered in a

comprehensive energy potential assessment. However,

this study provides a helpful assessment that could

contribute to the planning of local wind farms.

Additional work considering the strengths and the

weaknesses of various bias correction strategies to im-

prove the models’ performance has been already plan-

ned. Further analysis will provide new evidence on

projected, bias-corrected extreme winds (e.g., Ivanov

et al. 2018) for the twenty-first century, with the aim to

address the potential for wind energy over the Aegean

Archipelago.
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