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1 INTRODUCTION

The Oceanic Platform of the Canary Islands (PLOGANnultipurpose technicalcientific service
infrastructure that provides support for research, technological developtad innovation in the
marine and maritime sectors, available to public and private users. PLOCAN offers both onshore and
offshore experimental facilities and laboratories, operational thraugtthe whole year thanks to the
Canary Islands excellent clititaconditions. PLOCAN also brings a broad experience in large national
and EU marine/maritime projects.

PLOCAN ,ishus,a Public consortium aimed to promote research, development and inmmvati the
field of marine sciences and technology, supportimgindustry to test and demonstrate the feasibility
of emerging technologies. PLOCid¢a marine test site at the Nortkast coast of Gran Canaria island
(Canary lIslands, Spain), occupyingaine area of 3 km2 with a range of depths among 20 m and
600 m,shown inFigurel. The test siteincdudesan underwater electrical and communication grid
directly connected to monshote electrical substation.

This marine test & will be the place where the PivotBuoy prototype will be tested, and this
deliverable will ensure that the environmental conditions where the system will be deployetiedire
fed into thedesignprocess in WP2

%
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Figurel. PLQCAN test site; Canary Islands

The Canary Islands, surrounded by the waters of the Atlantic Ocean, on the edge of thepscdd

band, form an archipelago situated close to the North West coast of Africa, which gives it characteristic
climate traits. Tie climate of the Islands is capuence of the atmospheric dynamics typical of-sub
tropical latitudes, its proximity to the African mainland and its rugged relief (especially in Gran Canaria,
which reaches an altitude of 1949m at the highest poiatid the cold ocean currents.

Due to it subtropical latitude and the proximity of the Azores Anticyclone, the Canary Islands are
affected permanently by the Trade Winds, blowing from thgh-pressurearea. The intensity of the
Trade Winds varies throughoutehyear, depending on the distanbetween the archipelago and the
Azores Anticyclone. In winter, the Anticyclone is usually situated close to the islands and it is less
intense. In summer, the Anticyclone settles in the Azores, far from Canaries, cdwesifigatle Winds

to blow more intersely. The rotation of the Earth diverts the Trade Winds to the West.

The Archipelago receives the southern branch of the cold ocean current from The Gulf (Central
America), which descends parallel to the coasts of PortagdlMorocco. The water temperaters
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lower than it should be at that latitude. The Trade Winds facilitate the upwelling that causes deeper,
colder waters to come up to the surface.

The proximity of the African mainland occasionally gives rise to theahof masses of hot, dry air,
responsible for days of intense heat. The continental winds from the South South East, usually bring
Rdzad FTNBY GKS RSASNIx (1y2¢y t20ftte& & aOlftAYIléd

The following chapters describe the waves, wind, currents, bathymetry eseabnditions, water
quality andsubmarine noise present in the areand the last sectiordentifiesthe selected area for
the deployment of the PivotBuoy protgbg.
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2 WAVES

The wave action data shown in this chapter comes from Las Palmas East wavestalay (
instrumental data) and from SWAN numerical modelitlg These latter, from modelling atspatial
resolution of 1km, have been-bhearly interpolated to some points of interesiefined from P1 to
P& InFigure2, SWA grid points and wave buoy locations afgown.
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Figure2: SWAN grid points inside PLOCAN Test site and wave buoy location

Below are the most representative results of the mean and extreme climate &alys

2.1 Mean climate

According to the wave roses for points P3 and P4 shovirigare3, the predominant components of
the wave action are NNW, N, NNE and NE, with the NNE component as the most energetic, with an
approximate frequencyf between 60 and 70%.
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Figure3: Mean climate. Wave rose for P4 (lefénd P3 (right)
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For the deeper locations, the N component is more important than in the locations with less depth,
where it loses energy that is dissipateiwthe interaction of the wave action and the bathymetry.

Figure4 showsan annual profile of mean monthly significant wave height and monthly maximum for
point 1 and 2. Throughout an average year, the wave heiglat monthly average is between 1.5 and
2.0m. The maknum wave heights modelled in the study period occurred between December and
April. The maximum value occurred in January 1994, reaching a significant wave heightndio6.0
point 1 and 6.4n for point2.

The mean monthly direction of the wave action|otdated as the direction of the vector sum of the
wave height, fluctuates slightly over the course of the year. This fluctuation is even less significant for
the shallower locations. At greater depthike point P2, the incident waves come from 30 degrae

the winter, they back around slightly to 20 degrees in spring, veering to 25 degrees in summer and
come back to 20 degrees in autumn. The seasonal pattern to wave direction fits with the seasonal
pattern of the mean monthly direction of the wind. Fhermore, an interannual profile has been
drawn up with mean annual significant wave height, which shows no significant trend over the last 30
years.
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Figure4: Annual wave heipt and mean direction profile folP1 (left) and P2 (right)

The following tables show the scatter diagrams Hs vs Tp, with data measured by Las Palmas East buoy
from Puertos del Estado (192®01). That buoy is moored inside the test site, on its North Wrast
side.
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Tp (s) Total

<20 40| 60 | 80 | 100 | 120 | 140 | 16,0 | 18,0 | 20,0 | >20,0
<0,5 | 0000 0371 0716 1484 1903 1829 1046 0516 0033 0004 0,000 | 7,902
1,0 | 0000 0705 9876 10295 5966 3981 3484 2326 0200 0059 0,000 | 36892
1,5 | 0000 0000 6099 6151 2,026 1373 1,046 0093 0004 0,004 | 33936
2,0 | 0000 0000 0312 8563 5606 079 0571 0234 052 0000 0000 | 16127
2 [ 25 0000 0000 0019 0820 260 0256 0152 008 0041 0000 0000 | 4066
S | 30 | 0000 0000 0000 0037 0534 0130 0030 0011 0033 0007 0000 | 0783
= [35 | 0000 0000 0000 0000 0093 0108 0011 0000 0000 0000 0000 | 0211
4,0 | 0000 0000 0000 0004 0007 0026 0019 0000 0000 0000 0000 | 0056
4,5 | 0000 0000 0000 0000 0000 0007 0015 0004 0,000 0000 0000 | 0026
50 | 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 | 0000
>5,0 | 0,000 0,000 0,000 0,000 0000 _ 0,000 0,000 0,000 0,000 0,000 0,000 | 0000
Total | 0000 1076 17.022 38339 22950 9,153 6700 4226 0456 0,074 0,004 | 100

The mostfrequentwave combination is considered to be a significant wave heightofHL.5meters

Figure5: Annual joint distribution: HsTp (Buoy LFEast, period 1992001)

with a period () of 8 seconds. During treimmer, this wave component gets speciadiynarkable

as can be seen drigure6. The following tables show the same data but filtered as seasonal average

distribution

Spring

Tp (5) Total
<20 40 [ 60 [ 80 [ 100 ] 120 [ 140 [ 160 [ 180 [ 200 [ >20,0
<05 | 0,000 0308 1,091 1931 3176 2630 1077 0322 0042 0000 0,000 | 10,578
10 | 0000 068 7975 10788 6408 4981 2477 1651 0350 0000 0000 | 35316
15 | 0000 0000 4673 S 2602 0728 0630 0070 0000 0000 | 30306
20 | o000 0000 0210 9598 5821 1,007 0616 0252 0042 0000 0000 | 17546
z 25 10000 0000 0000 0854 0,420 0350 0084 0028 0000 0000 | 5107
% | 3.0 | 0000 0000 0000 0014 0574 0294 0098 0000 0000 0000 0000 | 0979
= 35 0000 0000 0000 0000 005 0070 0000 0000 0000 0000 0000 | 0,126
4,0 | 0000 0000 0000 0000 0014 0028 0000 0000 0,000 0000 0000 | 0,042
4,5 | 0000 0000 0000 0000 0000 0,000 0000 0000 0000 0000 0000 | 0,000
50 | 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 | 0,000
>50 | 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 | 0.000
Total 0,000 0,993 13950 38170 26,039 12033 5345 2938 0532 0000 0,000 100
Autumn
Tp (s)
<20 40 | 60 | 80 ] 100 | l%l)) 140 [ 160 [ 180 [ 200 [=200 ]
<0,5] 0000 0493 0911 2151 2166 1882 098 0612 0060 0015 0000 | 9276
1,0 | 0000 0926 13204 12,502 6841 4511 4,152 1,509 0,060 0,134 0,000 | 43,839
15 | 0000 0000 5736 [15161 | 4765 2061 2166 0508 0015 0000 0000 | 30411
20 | 0000 0000 0418 6154 3898 0,762 1,060 0,149 0,000 0000 0,000 | 12,442
z 25 | 0000 0000 0045 0762 2091 0,164 0105 0149 0000 0000 0000 | 3316
% | 3.0 | 0000 0000 0000 0045 0403 0000 0000 0,045 0000 0000 0000 | 0493
= 735 | 0000 0000 0000 0000 0134 0,09 0000 0000 0000 0000 0000 | 0224
4,0 | 0000 0000 0,000 0,000 0000 0000 0000 0000 0000 0000 0000 | 0000
4.5 | 0000 0000 0000 0,000 0,000 0,000 0000 0000 0,000 0000 0000 | 0000
5,0 | 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 | 0,000
>50 | 0000 0000 0.000 0000 0000 0000 0000 0.000 0.000 0.000 0000 | 0.000
Total [ 0000 1419 20314 36774 20299 9470 8469 2972 0134 0149 0000 | 100

Tp () Total
<20 [ 40 [ 60 [ 80 [ 100 [ 120 140 [ 160 [ 18,0 [ 200 [ >200

<0,5 | 0000 0564 0423 987 0830 0251 0016 0000 0000 0000 0,000 | 3,070

1,0 | 0000 051 9,085 J46 0345 0110 0078 0016 0000 0,000 | 25376

1,5 | 0000 0000 6501 8,678 0,642 0,094 0047 0000 0000 0,000 | 44,878

2,0 | 0000 0000 0,047 3 0,172 0,000 0,000 0,000 0,000 0,000 | 22,635

g [25] 000 0000 000 o048t 3430 0016 0000 0000 0000 0000 0000 | 3900
3 3,0 | 0000 0000 0000 0000 0110 0031 0000 0000 0000 0000 0000 | 0141
3,5 | 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0,000 | 0000

4,0 | 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0,000 | 0000

4,5 | 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0,000 | 0,000

5,0 ] 0000 0000 0000 0,000 0000 0000 0,000 0000 0000 0000 0000 | 0000

>5,0 | 0000 0000 0,000 0,000 0000 0,000 0,000 0,000 0,000 0,000 0,000 | 0,000
Total 0,000 1,081 16056 53712 27334 1457 0219 0125 0016 0,000 0,000 100
Tp () Total

<20 ] 40 [ 60 | 80 [ 100 [ 120 [ 140 | 160 [ 180 | 200 [ >20.0

<05 | 0000 0131 0401 0817 1308 2423 2051 LIS 0030 0000 0000 | 8279

10 | 0000 0681 9334 7402 5782 5841 7,090 599 0357 0104 0000 [ 42,583

15 | 0000 o000 7595 [10211 | 4637 2690 2482 2973 0297 0015 0015 [ 30916

20 | 0000 0000 0565 5767 3344 L174 0580 0520 0163 0000 0000 | 12,114

@[ 251000 0000 0030 1189 188 0401 0134 019 0134 0000 0000 | 3864
= | 3.0 | 0000 0000 0000 008 1,026 0178 0015 0000 0134 0030 0000 | 1471
= [ 35 0000 0000 0000 0000 0178 0265 0045 0,000 0,000 0,000 0000 | 049
40 | 0000 0000 0000 0015 0015 0074 0074 0000 0,000 0000 0000 | 0,178

45 | 0000 0000 0000 0000 0000 0030 0059 0015 0000 0000 0000 [ 0104

5,0 | 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 [ 0000

>5,0 | 0,000 0.000 0000 0000 0000 0,000 0000 0000 0000 0000 0000 | 0000
Total | 0.000 0817 17925 25490 18.148 13080 12530 10731 1115 0149 015 | 100

Figure6: Seasonajoint distribution: HsTp Buoy LFEast,period 19902001)

2.2 Extreme climate

An extreme valueanalysis has been conducted to assess the extreme climate, by adjusting a GEV
(GeneralizedExtreme Value) distribution function to tke extreme values of the significant wave height
data set. MA(Annual Maximajgand POT{Peak Over Thresholajethodologies wes used[2]. For
selecting the peaks, a 2m wave height threshold was set and a minimum distance bg®atenof 7

days.

R ¢ KA A
research and innovation programme under grant agreemen8hgil59

LINR 2SO

Kl a

NEOSAGSR FTdzyRAy3a FTNRBY (KS ggzNELJél-y

Y


http://ec.europa.eu/research/environment/index_en.cfm

—~
D4.1: Test site environmental conditions K‘) Pivot

The results of the fitor P3are presented irthe figures belowwhere maxH are the maximuamnual
wave height peaks and VmaxD are the independent wave height peaks over 2m.

Figure7 shows the estimated parametes from adjusting them with a GEGdneralisedExtreme
Value) function using the Maximum Likelihood Method, wheisthe shape parametep the position
parameter and the scale parameter.

MA (GEV) POT (GPD)
k o (m) u (m) k o (m) i (m) Storms /year
P1 -0.118 0.478 4.124 -0.238 1.025 2 22.1
P2 -0.171 0.509 4.651 -0.276 1.292 2 243
P3 -0.117 0.473 4.057 -0.231 0.979 2 21.77
P4 -0.168 0.506 4.746 -0.282 1.338 2 24.63
P5 -0.127 0.488 4.304 -0.253 1.130 2 22.73
P6 -0.162 0.505 4.602 -0.272 1.268 2 24.20
wave buoy 0.0627 0.410 3.212 -0.143 0.616 2 12.10

Figure7: Seasonal joint distributiorHsTp (Buoy LP East, period 192001)

The differences observed between the parameters coming fronbtkmy time seriesand the points

of the model may becaused bythe fact that the numerical models of wave propagation do not
adequately simulate the ex@me value®f the waves, so theassults of an extreme valuenalysidrom
modeled time series twmlower reliability. Toassesgshe results from the buoyPuertos del BEado
specific extreme valuesport corresponding to that same buoy is used for thediseries between
1992 and 20173]. These results are shown Figurell, observing a wave height ofl3, m associated
with the return period of 50 years, and an averagdue of storms per year of 158 (available in the
report [3]). The differences between the results showrrigure7 and Figurellare due to the way in
which the storms have been selected in the POT methodyedisasto the length of the time series
analyzed.
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Figure8: GEV (Gemalized Extreme Value) fit to Hs by MA
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Probability Plot - GPD fit - POT - P3
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Figure9: GDP (generalized Pareto distribution) fit to VmaxD by POT
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FigurelQ: Extreme climate. LaBalmasEast buoy. Hs vs Annual exceedance probability
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Figurell: Extreme climate. Hs for return periods according to MA or POT

Individual naximum wave height data (Hmaxpisoavailable fo Las Palmas East Buoy, so an extreme
climatestudy can be conducted for individual maximum wave action. The MA and POT methods have
been used to select the extreme values. The GEV function has been chosen for the MA method and
LogNormal for the POT methib A 2m threshold and a minimum distance beem peaks of 7 days

have been set for selecting the peaks by the POT method. The results are shHegurél2.

Figurel2: Extreme climate. Logormal fit to Hmax by POT

Figurel3: Extreme climate. Hmax for return periods according to MA
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