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The location of the Hawaiian Islands makes them vulnerable to damaging
wave conditions from north Pacific ocean storms. The northwest coast of
Oahu is known for its big surf generated from Pacific storms—the rocky
coast shields the island from most wave damage. The northeastern coast
of Oahu is barely above sea level and high surf events coming from the
northeast cause extensive damage. The wave climate for the Hawaiian Is-
lands is an important asset for coastal planning and design. The Wave In-
formation Studies (WIS) has recently completed a ten year (1995-2004)
basin level hindcast (0.5 deg resolution) for the Pacific Ocean. Hourly
wave = parameters = are available via the WIS website: http://
frf.usace.army.mil/cgi-bin/wis/atl/atl_main.html. Spectral information
at 3 hour intervals is also available from the WIS staff. The Wavewatch I1I
numerical hindcast model (Tolman,2002 and 1996) was used for this
hindcast with wind fields developed by Oceanweather, Inc.” Hindcast de-
tails are presented in Hanson et al., 2006. For more information on the
WIS hindcasts for the U.S. coastlines, see Tracy and Cialone, 2004. This
poster will show the monthly maximum wave events from this hindcast
and will analyze two events (the maximum event for November and Janu-
ary) from the 1995-2004 hindcast that impacted the island of Oahu. Sta-
tion 125, a station in the open ocean northeast of the island of Oahu, lo-
cated at 24 deg. N, 157 deg. W, with a depth of 4216 m was chosen for this
analysis (see Figure 1). The goal of this poster is to showcase the availabil-
ity of ten years of wave climate information in the Hawaiian Islands and
display some of the tools that can be used to analyze the available wave pa-
rameter and spectral information.



The WIS validation scheme includes spectral analysis using a system
called WaveMEDS (Hanson and Phillips, 2001: Hanson and Jensen,
2004). This analysis procedure looks at a frequency-direction wave spec-
trum and produces “partitions” that represent the various sea and swell
components present in the spectral representation. = This procedure de-
veloped from a digital watershed technique from Vincent and Soille, 1991,
was used to analyze two Oahu severe wave events from the 1995-2004
hindcast.  Two types of plots are shown for the two storms. One plot
(CONTOUR-PARTITION) shows a plot of the frequency-direction matrix
with partition identifying numbers at each frequency-direction intersec-
tion—1 corresponds to partition 1 and so forth. The twenty-five frequency
numbers correspond to the frequencies used in the hindcast model and be-
gin with 0.03 Hz. Each partition represents energy associated with the lo-
cal energy peak for that partition. Each partition is also represented by a
different background color. This plot also includes line contours of the en-
ergy in the spectrum. A scale on the right hand side of the plot identifies
the color contour line energy values in m**2/Hz. This contour partition
plot only shows the wave spectra at one time during the storm. The sec-
ond analysis plot (STORM-VECTOR) displays vectors showing the magni-
tude and direction of the energy plotted using a date/time scale for the x-
axis and a wave period scale for the y-axis. This second type of plot gives
an overview of all the wave components with their respective wave periods
for the whole storm. The arrows are color-coded for the amount of energy
and show what direction the wave component is heading.
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Figure 1.- WIS stations in the Hawaiian Islands.
Station 125 and NDBC 51001 are circled.




Figure 2 shows the monthly maximum wave heights for November from
the WIS 1995-2004 hindcast at station 125. The largest event was an 8+m
wave coming from 30 deg (Meteorological < convention) in November
2003. This event was responsible for considerable coastal flooding and
damage to the low-lying northeastern coastline of Oahu (see http://
www.prh.noaa.gov/hnl/pages/events/nov_surf/nov_surf.php for storm
details and damage pictures). Figure 3 was taken from the
www.prh.noaa.gov website and shows a satellite picture of the winds on
November 20, 2003. Note the region of > 40 knot winds shown in ma-
genta. An unusual combination of weather systems produced ' this event.
Most maximum  November storm waves come from events to the north-
west of Oahu.

Figure 4 shows the three partitions of the spectrum for the 21st hour on
November 21, 2003. Partition 1 (shaded in light blue and labeled with the
number 1) represents the swell coming from the northeast. Energy con-
tour lines are also plotted. Note that the bulk of the wave energy is within
partition 1 and is from the storm system in Figure 3. Partition 2 shows en-
ergy coming from about 220 deg, and partition 3 shows energy coming
from about 110 deg.
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Figure 2. Monthly maximum wave heights for November from the
WIS 1995-2004 Pacific Basin hindcast. Direction uses meteoro- 3
logical convention and wave heights are in meters.
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Figure 3. Satellite picture of winds for November 20, 2003, taken from
http://www.prh.noaa.gov/hnl/pages/events/nov_surf/nov_surf.php
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Figure 4. Frequency-direction spectrum at WIS Station 125 showing the three en-
ergy partitions on November 21, hour 21, 2003. Partition one is colored light
blue, partition 2 is pink and partition 3 is gray. The colored contour lines show
the energy contours of the spectrum in m**2/Hz.




Figure 5 shows a plot of the wave component vectors over the life of the
November 2003 storm. Dates are plotted on the x-axis and wave period of
each vector component is plotted on the y-axis. The vectors are colored
coded to show the wave height present in each component. Direction is
shown by the direction of the arrowhead. Note again that most of the en-
ergy is from the storm shown in Figure 3 but there is background energy
from other Pacific events. Figure 6 is the same type plot as Figure 5 but it
highlights the peak of the storm.
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Figure 5. - Vector wave component plot for November 18-24, 2003. Days in November
are shown on the x-axis and wave period associated with each of the vector compo-
nents is shown on the y-axis. Vectors show direction of travel for each of the wave

components, and vectors are color-coded to show the wave height (Hs in m) associated

with that component.
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Figure 6. Vector wave component plot for November 20-22, 2003, showing the peak
period of the storm. Days in November are shown on the x-axis and wave period asso-
ciated with each of the vector components is shown on the y-axis. Vectors show direc-
tion of travel for each of the wave components and vectors are color-coded to show the

wave height (Hs in m) associated with that component.




Figure 7 shows the monthly wave height maximums and their associated
directions for January during the 1995-2004 WIS Pacific Basin hindcast.
The 10+m maximum wave shown occurs in January, 1998. This is a typi-
cal storm event for the Hawaiian Islands since it shows energy coming
from 318 deg (from northwest). Figure 8 shows a PARTITION-
CONTOUR plot of the spectrum on the 6th hour of January 28, 1998.
Note that there are 4 energy partitions represented (partition 1 shaded in
light blue, partition 2 in pink, partition 3 in gray, and partition 4 in green).
Energy contour lines are plotted to show the amount of energy in the spec-
trum. Note that the maximum is from the northwest but there is a repre-
sentation of some energy from the south in partitions 3 and 4. Figure 9 is
the same type plot as Figure 8 but it shows the partitioning of the spec-
trum at the 18th hour on January 28, 1998 (12 hours later than Figure 8).
Note that all energy is now in the one partition coming from the north-
west. Partitions having energy less than 0.3m are not shown.

Figure 10 shows the wave component vectors from January 24-31, 1998.
Dates are plotted on the x-axis and wave period of each component is plot-
ted on the y-axis. Each wave component is shown in the direction that it is
traveling and is colored coded to show how much wave energy (Hs in m) is
represented by that component. Note the small contributions of southern
swell shown by the small arrows from 12-16 sec in Figure 10. Figure 11 is
similar to Figure 10 but shows only January 28-31.
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Figure 7. Monthly maximum wave heights for January from the WIS 1995-2004
Pacific Basin hindcast. Direction uses meteorological convention and wave
heights are in meters.
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partitions on January 28, hour 06, 1998. Partition one is colored light blue, parti-

Figure 8. Frequency-direction spectrum at WIS Station 125 showing the four energy
tion 2 is pink, partition 3 is gray,

and partition 4 in green. The colored contour lines

show the energy contours of the spectrum in m**2/Hz.




Partitioned spectrum for 1998, January 28, hour 18
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Figure 9. Frequency-direction spectrum at WIS Station 125 showing the one energy

partition on January 28, hour 18

1998. Partition one is colored light blue. The col-

b

ored contour lines show the energy contours of the spectrum in m**2/Hz.
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Figure 10. Vector wave component plot for January 24-31, 1998, showing a full week
of the storm. Days in January are shown on the x-axis and wave period associated
with each of the vector components is shown on the y-axis. Vectors show direction of
travel for each of the wave components and vectors are color-coded to show the wave
height (Hs in m) associated with that component.
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Figure 11. Vector wave component plot for January 28-31, 1998, showing the peak of
the storm. Days in January are shown on the x-axis and wave period associated with
each of the vector components is shown on the y-axis. Vectors show direction of travel
for each of the wave components and vectors are color-coded to show the wave height
(Hs in m) associated with that component.

Validation results for the WIS 1995-2004 Pacific Basin hindcast are important because
matching results at measured locations give credence to the WIS values at sites where
no measurements are available. Hanson et al. (2006) discusses the performance and
validation of the Pacific Basin hindcast, and other publications will present more statis-
tics and validations in the future. Figures 12 and 13 show the measured results for No-
vember 2003 and January 1998 at NDBC 51001 shown in Figure 1. These plots include
the two severe storms that were analyzed in this poster. Wind information was not
available at 51001 for January 1998 and measured wave direction is not available at
51001 . Note the excellent agreement for all available measured parameters especially
the wave period. Hanson et al. (2006) presents the validation results of the hindcast
for 2000 and notes that the WIS hindcast significant wave heights tend to run a little
higher than measurements and discusses the reasons for this extra energy in the hind-
cast. The WIS webpage has an extensive set of validations of the WIS Pacific Basin
hindcast with available satellite information during the hindcast period. Baird and As-
sociates prepared the satellite comparisons.
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Figure 12. Pacific NDBC Buoy 51001 results for November 2003 are shown in
red on the plot above. The WIS hindcast results are shown in blue. Parameters
plotted (from the top) include significant wave height, wave period, mean wave

direction (not available for buoy), wind direction, and wind speed.
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Figure 13. Pacific NDBC Buoy 51001 results for January 1998 are shown in red
on the plot above. The WIS hindcast results are shown in blue. Parameters
plotted (from the top) include significant wave height, wave period, mean wave
direction , wind direction, and wind speed. Wave direction and wind informa-
tion were not available at the buoy in January 1998.
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Figures 14-23 show the monthly wave height maximums for the months other than
January and November for WIS station 125 for 1995-2004. These plots provide insight
into the monthly wave climate at station 125. Note the general trends for waves from
the east in the summer and waves from the northwest in the winter.
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Figure 14. February maximum wave heights
and directions for WIS Pacific
Basin hindcast 1995-2004

Figure 15. March maximum wave heights
and directions for WIS Pacific
Basin hindcast 1995-2004
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Figure 16. April maximum wave heights and
directions for WIS Pacific
Basin hindcast 1995-2004

Figure 17. May maximum wave heights
and directions for WIS Pacific
Basin hindcast 1995-2004
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Figure 18. WIS June maximum wave heights
and directions 1995-2004

Figure 19. WIS July maximum wave heights
and directions 1995-2004
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Figure 20. WIS August maximum wave
heights and directions 1995-2004

Figure 21. WIS September maximum wave
heights and directions 1995-2004
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Figure 22. WIS October maximum wave heights Figure 23. WIS December maximum wave
and directions 1995-2004 heights and directions 1995-2004
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