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1. INTRODUCTION- Motivation “f—* =

-Traditional approaches for determining wave climate variability have
been broadly focused on aggregated or statistical parameters
(Hs,Tm,0m...)

- The overall complexity of the wind-wave fields is contained in the wave
spectra, S(f, 0)

- Future wave climate is addressed usually by changes in Hs, changes in
Tm, and changes in @m, but not by changes in pdf(Hs,Tm,0m) or S(f,0)

-- Many coastal impacts depend on Hs,Tm and Om: wave run-up,
overtopping, vertical breakwater stability, harbor agitation, ...

-- Wave propagation in shallow water areas can sometimes be erroneous
calculated using spectral parameters (Hs,Tm,0m...)
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- To propose a framework to model the seasonal-to-interannual variability
of directional spectra at a given location

- The framework is based on data mining — clustering techniques

- A statistical downscaling model is proposed to obtain a probabilistic
relationship between a large-scale predictor (X) and a local predictand (Y)
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- The frasmgerk is able to deal with another temporal scales and
predictors and predictands (ENSO and Tropical Cyclone activity)
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2. DATA

Sea level pressure (SLP): is the
geophysical variable used to explain the
state of the atmosphere. It is also our
predictor to investigate the wave
climate and its inter-annual variability.

NCEP Climate Forecast System Reanalysis (CFSR)

31years (1979 to 2009)
6-hourly fields

0.5° longitude x 0.5° latitude (grid)
Conventional and satellite observations included
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3. METHODOLOGY- The discrete wave spectrum

» Wave spectra provide significantly more information, being possible to differentiate between
distant and local wave generation areas (Bromirski et al., 2004).

* When grouped by bins or packages the wave energy distribution becomes Gaussian, which is
a precondition when a PCA analysis is conducted.

* More easily interpretable by visual inspection.
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3. METHODOLOGY- Clustering
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a) Dimension reduction: EOFs of daily averaged wave spectra
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b) Classification: K-means of the temporal modes
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— Westerly swells

3. METHODOLOGY- Spectral types analysis ooy Windseas

— Mixed seas
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3. METHODOLOGY- Circulation types analysis
a) Dimension reduction: EOFs of the 3-days running averages of SLP

squared gradients
b) Classification: K-means of the temporal modes
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3. METHODOLOGY- Exploring relations
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7. CONCLUSIONS

* An useful descriptive graphical tool that helps understanding the effect of the
atmosphere circulation pattern on the directional wave spectra has been
presented.

*The method is based on the combination of instrumental wave data of two
deep waters buoys and the CFSR atmospheric reanalysis, that by mean of
clustering statistical methods allows to define a probabilistic relationship
between the CTs and the STs.

* K-means algorithm has demonstrated excellent skills when working with the
wave spectra. |t provides more information about the wave conditions than the
traditional used aggregated or statistical wave parameters.

*This approach can be applied to different time scales and to different predictors
and predictands (ENSO, TCs)
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3. METHODOLOGY- Validation

Villano

b=099138 b=095747
uE — e T T | 1 . = ; e |
Hourly Hs & o
buoy
12+ v s
— WeeklyHs . o ,
w0l Weekly Hs -
c e g g
5
= 8 i | = g5 E 1 £
H ‘ | | b =
— 6 | I i | =
— | ! I | f I | 1y | KR 2 L | . pe0s4
© 4 ' (il | 0 || | 1 | LA
| | ’ ! | | | RMS=0.25 AMS=038
' i | ! BIAS=0 | 2 BlAS=0
ob— TN "o B T W | | | 18" |
1998 2000 2002 2004 2006 2008 2010 S04 se005
T z 3 ¥ 5 s o 2 « 3 g 0 2
Hg buoy Tp buoy
20—

b=0.99788
saet 40 %570 .
20t *a -
-
200 -
0|
B
B
&
e

W W @ @m0 e w0 am M0

nFE buoy

e
CANTABRIA
FUNDACION AME

ETITUTO oF iBRAMLICA
HRaENTLL e NS

INTERNACIONAL
Agua y Energia




... . S—— 13™ INTERNATIONAL WORKSHOP

ON WAVE HINDCASTING
H cantabria

,&'\UL!I A AMBIENTAL

4. RESULTS- Seasonality
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4. RESULTS- Inter-annual variability

(Thompsom and Wallace, 1998) (Barnston and Livezey, 1987)
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4. RESULTS- Long-term trends
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Statistical Downscaling Model
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5. CONCLUSIONS

* Seasonal variations of the discrete wave spectra gather up the Iceland low and
Azores high winter-summer dominance.

eInter-annual variability results go further revealing much more aspects than
traditional approaches based on aggregated or statistical wave parameters, as
for example enclosing frequencies and directions in which the analyzed climate
pattern have significant effects.

*Long-term trends results show increased summer medium period westerly
energy at Villano and a decrease of the easterly short period waves at both
locations. No significant trends have been found in other seasons.
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