Directional wave climatology for the Hawaiian Islands from
buoy data and the influence of ENSO on extreme wave

events from wave model hindcast

Jerome Aucan, University of Hawaii

"Shoreline means the upper reaches of the wash of the waves, other than storm and
seismic waves, at high tide during the season of the year in which the highest wash

of the wave occurs, usually evidenced by the edge of vegetation growth, or the upper
limit of debris left by the wash of the waves. Hawaiil Revised Status, Sect.205A-1"
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Outline

.Directional wave buoy data : quantitative wave climate.
.Data reduction

.Refraction Diffraction effects
-Average monthly climate and statistics
.Extreme events distribution

.Relation to ENSO
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Model extrapolation
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Qualitative Wave Climatology

Enangy [meHz'Deg)

3 Main sources of swells :
.Boreal Winter swells (NW)
. Trade winds (E)

.Boreal Summer swells (S)

Additional swells :
Hurricanes
.Kona winds (SW)

Vald al 31-Mar—2003 19:09:00 HET Analzaed (UTS: 2003 0401 0551 hre
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Directional Spectrum Reduction

S(0,w) = E(w)D(f,w)

| §=018% ,w=058H:

Bz 4\/3 f f 58,0 d8du
F=2710" w=0026Hz

ff B=135° ,w=058Hz
Hsigp =4Vf f S(f,w)dfdw
g

=2256% Jw=0.025H¢
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Jan Feb Mar

Waimea Bay buoy
monthly averages

May Jun

Northwest swell (315 9),
predominant from November to
March, nearly absent from June
to September.

Kona winds (SW-NW, short
period) in January.

_Trade winds and South swell
visible but partly sheltered from
the island.

Mow Dec
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Similar distribution possible
with {Hsig,Tp,Dp} from
ECMWF model.

Directional spectrum from
model would allow direct
comparison.
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Waimea Bay buoy
monthly statistics for Hsig,,,, 0
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Feb Mar

Mokapu buoy monthly
averages

Trade wind swell present year
round on average.

Winter NW swell visible

South swells visible (SE
quadrant)
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MOkapu buoy monthly &0 Hzig=1.17+/-0.77m Go Hzig=1.63+-0.61m G0 Hsig=1.38+/-0.52m
statistics for Hsig. ‘ * 10
Apr May Jun
Trade wind swell most T T T

regular in summer : 1o

Im < Hsig. < 2m 90% of I i I I I ) -

the time

20 a0 a0

In January, trade wind
swells can be absent for

# ap # a4 # 40
long period of time, when . " | I I | .
replaced by Kona winds. :

G0 Hzig@l E+/-0.31m G0 Hezig=1.58+-0.44m G0 sig=1.48+-0.42m

1 2 3
Oct Mov Dec
a0 a0 a0
[:]¥] Hzig=1.53+/-0.43m G0 Hsig=1.66+-0.64m G0 Hsig=1.6+/-0.758m
- # a0 # 40 # 40
i 20 20 20
OTH Workshop on Wave Forecasting and
= - b - e - . e ° 1 2 3 ° 1 2 3 ? 1 2 3
- et - :_- - - S . - = - 3 . .-__‘—.:‘_I- --r!_ﬂ‘_ =

- - - -
+‘-"v--_ -

‘_JE'- - o

I.".:--—'—-l- = — 3 e et S .



Wave height from global models fields extracted for
Hawall.

Hsig from wave models, for directions between 270 (W)
and 22.5 (NNE) :ECMWF ERA-40 , and NOAA
WaveWatch 111 (WW 111)

Hsig® = Hsig,,,* + Hsig.*

During large NW events, Hsig,,,* >> Hsig_*

Hsig ~ Hsig,,
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NW Extreme events

~Hsig from wave models, for directions
between 270 (W) and 22.5 (NNE) : °

ECMWEF ERA-40 25 0 x X
~Buoy data, Hsig,,, ”34
~Daily average 31 ¢
~Local maxima detection .| 0
1 (] X tuoy
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Extreme events trends and climate index 1957-2002
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El Nino seasons

All seasons (1957-2002)

La Nina years
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Conclusions :
-Statistics from buoys should be useful for planners.

-Comparison with model will improve with full directional
spectrum from models.

-Increasing trend of the number of large events, and EI-Nino
years affect the number of events and the repartition of high
waves in the North Pacific.
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Time series snapshot, February 1986
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