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MOTIVATION

» Wave-driven runup, inundation, erosion, and
harbor surges, greatly depend on infragravity

(1G) waves.

» The near-coast |G variability
excited by tsunamis, sea/swell (SS)
waves, etc., is often dominated by
coastal & harbor resonances.

Variance preserving spectra
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MOTIVATION
» Observations (SL):

» ldentify coastline & harbor response to weak/
strong forcing (primarily swell, but not only).

» Is harbor dynamics affected by coastal dynamics?

» Phase-Resolving Numerical Modeling:

» Test ability of models to replicate the observed
response under SS forcing.

» Determine the spatial distribution of energy
within the domain.
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STUDY REGION: NORTH SHORE, O'AHU
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RESULTS: HARBOR OBSERVATIONS

RESPUNSE T0 WEAK S5 FORCING
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RESULTS: HARBOR OBSERVATIONS
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RESULTS: HARBOR OBSERVATIONS

RESPUNSE TU WEAK VS. STRONG SS FORCING
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RESULTS: COASTAL OBSERVATIONS

SPATIAL DEPENDENCE OF COASTAL RESPONSE
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RESULTS: MODEL-DATA COMPARISONS IN HALE'IWA HARBOR
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RESULTS: MODEL-DATA COMPARISONS IN HALE'IWA HARBOR

AUTOSPECTRA: HARBOR SITES 1-4
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RESULTS: MODEL-DATA COMPARISONS IN HALE'IWA HARBOR

AUTOSPECTRA: BOSZ [BZ], FUNWAVE [FW], [], 0BS




RESULTS: MODEL-DATA COMPARISONS IN HALE'IWA HARBOR

AUTOSPECTRA: BOSZ [BZ], FUNWAVE [FW], ["], OBS
7 \
Roeber and Cheung [2012] Roelvink et al. [2009]

\4

Shi et al. [2012]

» Phase-resolving numerical models.
» Account for nonlinear and weakly dispersive waves.

» Suitable for nearshore wave processes, including wave
breaking.



RESULTS: MODEL-DATA COMPARISONS IN HALE'IWA HARBOR

AUTOSPECTRA: BOSZ [BZ], FUNWAVE [FW], [], 0BS

Strong SS:

» Ax, Ay=7m

» 2.5M cells



RESULTS: MODEL-DATA COMPARISONS IN HALE'IWA HARBOR

AUTOSPECTRA: BOSZ [BZ], FUNWAVE [FW],
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RESULTS: MODEL-DATA COMPARISONS IN HALE'IWA HARBOR

CROSS-SPECTRA: HARBOR SITES 1VS. 4
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RESULTS: MODEL-DATA COMPARISONS IN HALE'IWA HARBOR

CROSS-SPECTRA: BOSZ [BZ], FUNWAVE [FW], ['7], 0BS
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RESULTS: MODEL-DATA COMPARISONS OVER MOKULEIA REEF

AUTOSPECTRA
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RESULTS: MODEL-DATA COMPARISONS OVER MOKULEIA REEF

AUTOSPECTRA: BOSZ [BZ], FUNWAVE [FW].
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RESULTS: MODEL SPECTRAL MAPS [BOSZ]: NORTH SHORE, O°'AHU

SPATIAL DISTRIBUTION OF 16 WAVE FIELD: PSD
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RESULTS: MODEL SPECTRAL MAPS [BOSZ]: NORTH SHORE, O°'AHU

SPATIAL DISTRIBUTION OF 16 WAVE FIELD: PSD
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RESULTS: MODEL SPECTRAL MAPS [BOSZ]: NORTH SHORE, O°'AHU

SPATIAL DISTRIBUTION OF 16 WAVE FIELD: PSD
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RESULTS: MODEL SPECTRAL MAPS [BOSZ]: NORTH SHORE, O°'AHU

SPATIAL DISTRIBUTION OF 16 WAVE FIELD: PSD
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RESULTS: MODEL SPECTRAL MAPS [BOSZ]: NORTH SHORE, O°'AHU

SPATIAL DISTRIBUTION OF 16 WAVE FIELD: PSD
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RESULTS: MODEL SPECTRAL MAPS [BOSZ]: NORTH SHORE, O°'AHU

SPATIAL DISTRIBUTION OF 16 WAVE FIELD: PSD
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RESULTS: MODEL SPECTRAL MAPS [BOSZ]: NORTH SHORE, O°'AHU

SPATIAL DISTRIBUTION OF 16 WAVE FIELD: PSD

= 102 =
th [5 < T < 30 sec v 2 <T <4 min
(o) [(e]
— —
oN (g}
i ;Uﬁ - 102
L S C 3(.I)
: sl |z :
2 F100 2 3
~N r 3 o~ N
L g - 10! [:\jl:
I ad
N
z - z
o o
Te] Te]
— —
o (g}
. T T 100 T : T 100
158.18°W 158.15°W 158.12°W 158.09°W 158.18°W 158.15°W 158.12°W 158.09°W
=z z
tn 0.5 <T < 1min th |4 < T <8 min
(o] [Ce]
— —
N o
L 102 L 102
r n c n
C > C >
z C > z C >
LI_O| L — 8 L —
o i 3 o i 3
~N g ~N <X
- 10! [:\jl: - 10! E
= =
o 2N
Te] Te]
— —
N o
T T T 100 T T T 100
158.18°W 158.15°W 158.12°W 158.09°W 158.18°W 158.15°W 158.12°W 158.09°W
e =
v |1 <T<2min th |8 <T <17 min
(o) [(e]
— —
N N
- 102 - 102
E n E N
L ; - ;
z C > z C >
© L = z I
o i 3 o i 3
N .y N .y
- 10! E - 10! :NE
=z =z
o) o
Te] Te]
— b — b
N o
T T T 100 T T T 100
158.18°W 158.15°W 158.12°W 158.09°W 158.18°W 158.15°W 158.12°W 158.09°W




RESULTS: MODEL SPECTRAL MAPS [BOSZ]: NORTH SHORE, O°'AHU

X-SHORE STANDING 1G WAVES

=z - = P4
S |0.5<T<1min g z
© © ©
~ — ~
o o o
102 102 102
wn n n
3 3 3
3 S 3
=2 —_ 2 —_ 2 A -
& S 1la S lla 3
\n Ny \n g B8 Ny
T T 10° T T 10° T T 10°
158.17°W 158.15°W 158.13°W 158.17°W 158.15°W 158.13°W 158.17°W 158.15°W 158.13°W




RESULTS: MODEL SPECTRAL MAPS [BOSZ]: NORTH SHORE, O°'AHU
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RESULTS: MODEL SPECTRAL MAPS [BOSZ]: NORTH SHORE, O°'AHU

X-SHORE STANDING 1G WAVES

Energy minima
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RESULTS: MODEL SPECTRAL MAPS [BOSZ]: NORTH SHORE, O°'AHU

X-SHORE STANDING 1G WAVES
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RESULTS: MODEL SPECTRAL MAPS [BOSZ]: WEST MAUI
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RESULTS: MODEL SPECTRAL MAPS [BOSZ]: WEST MAUI
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RESULTS: HARBOR TO ISLAND TO INTER-ISLAND SCALES

MODES ACROSS THE HAWAIIAN ISLANDS
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CONCLUSIONS

Observations:

» A suite of harbor/coastal modes excited under weak forcing.

» Modal response no longer dominant under strong SS forcing.

Phase-Resolving Numerical Modeling:

» Spectral levels and content agree well with harbor and reef
observations.

» Complex spatial IG distribution revealed.

» X-shore standing wave patterns that scale as a function of IG
frequency — edge/leaky waves.

— Understanding the dynamics of harbor oscillations
requires understanding of the dynamics at the coast.
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VARIABILITY IN HALE'IWA HARBOR: VELQCITY TIME SERIES

1 1 I ] 1 I I

n [m]

]2@1 ]

%
s U4
= / \‘
C A &
- 8 0,
@ oy 3
IS X 7 Y )
L PO e
. |7 o%s
o P> W
o||m

12/04 12/05 12/06 12/07 12/08 12/09 12/10

| I I | |

# _

=
9%\

1.6 ﬁ ﬁﬁ[‘

n [m]

Z/ \y\ s /
i >
<
* 8
W E

FLARI
1.4} 1*1
1

S
NI >
. g o

3 - ™
° = N
1

LA YR ™
: b/

of3

o

2

N

8

{IE]

|
, -
’ | | | |

to 2

00 12:30 13:00 13:30 14:00 14:30 15:00 15:30

T T T T T T T T
A

1.6 F m~ f ) "~

OF / , -
=) J/ '1 ’ ‘.'1 f 1“ A a.n “W\
5 ’.' i ',! ~ ‘¢ \ “f h\ /',-I‘A"d ﬁ\ p \\—\ ,F‘H\ ‘JJ ..\

' l‘ ' ’ '0 / 4 ) » . f \ 4

SV | SN NN ST CHNRY SR Y ST YN \ W N A A

. N\ "‘ /‘ \ ,” o /" \'kv'l \ 7 ' 3

| | .
v/ \ //

12:40 12:45 12:50 12:55 13:00 13:05 [3:10 [3:15




VARIABILITY IN HALE'IWA HARBOR: PRESSURE TIME SERIES

39'36
, N .
- - B

38'24"

37'12"

36'00"

! AR
Mokuleia] N

-1 58'0i'3‘ﬂ 08'24" 07'12" 06'00" 04'48" ’003'36"
2014-01-22 2014-01-23 2014-01-24 2014-01-25 2014-01-26 2014-01-27 2014-01-28 [ f 1
7S

B

35'44"

N =

/

™
%
N

35'37"

u[m/s]
o
—

& i om m 200m
-158°06'27"  06'24" 06'21" 06'17" 06'14" 06'11"

.
—
{

22 16:35 22 17:05 22 17:35 22 18:05 22 18:35 22 19:05 22 19:35

| |
E O -/ \T ,"K‘ \JN ‘H'n |‘ |l 6”" “| .'/) “'~ 'r | ."’ l" /"‘ v l' " ‘. / \\.”I’\v ,/" “'4‘.
R
-

| / \ . . . \ [ / ; b \ \ A/
P | | | \ / / f 3
l' f Y' “ A | ' - L' \ ! ll N / \ |" '5 , “. f "". 1" Il'l'" A
- | \ I'. f i\ ‘ | ! “\ v" o
\ A \A [ Y

22 18:16 22 18:21 22 18:26 22 18:31 22 18:36 22 18:41 22 18:46




HARBOR |G RESPONSE TO SEA/SWELL FORCING
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|G WAVE FIELD ON REEF: FREE LEAKY/EDGE VS. BOUND
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RESULTS:

MODES ACROSS THE HAWAIIAN ISLANDS
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RESULTS: MODEL-DATA COMPARISONS: WEAK/MOD/STR SS FORCING
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RESULTS: BOUND WAVE IMPACTS
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TSUNAM| MODELING: COASTAL MODES - O'AHU ISLAND
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OBSERVED MODES: HALE'IWA HARBOR, O'AHU
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MODELED MODES: HALE'IWA HARBOR, O'AHU
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