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1 he Seasonal Cycle of Significant Wave Height in the
Ocean: Local vs. Remote Forcing
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eneral Wave forecast in California and many other regions around
the world
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General Wave forecast in California and many other regions around
the world
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L ocal vs. Remote Forcing

Clean widely

spaced swell
liInes

; - - -

A
3 g
= Fegwiy. eV
(g P IR .

¥

L L ey
A*\,“_" A ; e S -

: -4 . . 2 .
s e : F
: M - N E
. - L. ; -

PS5

e, T -

e A g 4
- -

o

L ocally Forced Waves

Remotely Forced \Waves

e Short Period (high frequency)

e Long Period (low frequency
e Short Wavelength

e Long \Wavelength
e Choppy Waves

e \Vell-sorted Swell



Significant Wave Height (SWH)
Seasonal Cycle

(General characteristics of SWH
seasonal cycle:

Phase SWH NH shifted by pi
from the phase of the SH

Seasonal Cycle NH > Seasonal
cycle SH
(signal strength)




SWH undergoes an annual sinusoidal cycle in response to the
seasonal changes In storm patterns




SWH undergoes an annual sinusoidal cycle in response to the
seasonal changes In storm patterns

Wind Stress Magnitude
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DeVi ati o ns i n th e SW Hrthern California 2°x2° Regional

Climatology

Seasonal Cycle pr—ry

® Intra-annual Variability in the swh seasonal
cycle of the Coast of California during the
spring and summer months due to local

wind event (Villas Boas et al., 2017) SosASiesisdpien LSOt

<SWH> (m)
<WSM:> (N/m?)

® Other regions around the world where
similar wind events occur (Winant et al.,

1988)
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FIG. 14. Arcas of the world where supercritical flow might be expected to occur in the manne layer,




Research Question

1)Does a deviation in the SWH seasonal cycle extend to other eastern
boundary regions 1n ocean basins around the globe?

2)What can the global structure of the SWH and wind stress magnitude
seasonal cycles 1llustrate about the location of waves generation and 1ts

forcing mechanism?




Data

ellite Altimeter Wave height (m) measurements for January 1st, 1

e Cross Calibrated multi-platform satellite
altimeter SWH measurements produced by
the Institut francais de recherche pour

I'exploitation de la mer (Ifremer)

e Cross calibrated multi-platform wind vector
analysis data produced by Remote Sensing
Systems.




Methods

® Modeling ot seasonal cycle: unweightea S
least square fit e

® Characteristics of Seasonal Cycle:
O Root mean square residual

O Amplitude

O Phase Constant

0 R? (Coeficient of Determination)




Results and Discussion



Global Phasing of Seasonal cycle for SWH and Wind
Stress Magnitude

Phase Constant of SWH Unweighted Annual Least Square Fit Phasing of Wind Stress Magnitude Seasonal Cycle Model
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Regional Climatologies in Eastern Boundary Regions

Phasing of Wind Stress Magnitude Seasonal Cycle Model
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Conclusion

® Deviations in the SWH seasonal cycle can be observed in other regions
® Magnitude of SWH deviation from the seasonal cycle is determined/

modulated by local wave conditions

Therefore, we have a better

idea of where and when to
surtf!!
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How are \Waves formed??

Changing to

P e

Direction of
. wave advance

B>

© 2002 Brooks/Cole
a dvision of Thomson Learning, Inc.




How do we characterize waves”?

Single frequency Parameters

e | = Period

e H = Height

e A = Amplitude

e = Wavelength



L ocal vs. Remote Forcing

The surface wave field in a given region results from the
combined effect of both local and remote forcing

— v
Locally Forced Waves A Remotely Forced Waves

e Short Period (high frequency) e Long Period (low frequency)

e Short Wavelength e _ong Wavelength

e Choppy Waves e \Well-sorted Swell




Wave Age

The stage of development of waves is quantified by Wave Age:

Where C, = Phase Speed of the Wave
U, = Wind Speed at 10m above the ocean surface

Wave age is used to separate wind seas from fully developed seas such that:

C,/ U <1.2Wind Seas C,/ U >=1.2 Fully Developed Seas (Swell)




Second approach with Probability of Swell using
Wave Age

Probability of Swell Seasonal Progresion Using Wave Age from January 1st, 2002 to
December 31st, 2011




Second approach with Probability of Swell using

Probability of Swell Seasonal Progresion Using Wave Age from January 1st, 2002 to
December 31st, 2011










Island Shadowing in the Equatorial Region




Other Characteristics of the SWH Annual Seasonal Cycle

Resod%%l rms SWH after Unweighted Annual and Semi-Annual Least Square Fit Using Ifremer Monthly Data Amplitude of SWH Unweighted Annual Least Square Fit
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Other Characteristics of the WSM Annual Seasonal Cycle

Residual rms WSM after Unweighted Annual and Semi-Annual Least Square Fit
«1073 Amplitude of WSM Unweighted Annual Least Square Fit
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Close look at the phasing of wind stress magnitude for the annual seasonal
cycle model and the annual and semiannual seasonal cycle model

Daily WSM off the West Coast of Australia from January 1st, 2014 to December 31st, 2015 Daily WSM Seasonal Cycle off the West Coast of Australia from January 2014 to December 2015

— Inside Expansion Fan Wind Region WSM Seasonal cycle — Inside Expansion Fan Wind Region WSM Seasonal cycle
— Outside Expansion Fan Wind Region WSM Seasonal cycle — Qutside Expansion Fan Wind Region WSM Seasonal cycle
—-~ Inside Expansion Fan Region Seasonal Cycle Model ~-~- Inside Expansion Fan Region Seasonal Cycle Model (109.5E, 23.52S)

—-—- Outside Expansion Fan Region Seasonal —-—- Qutside Expansion Fan Region Seasonal Cycle Model (99.5E, 33.5S)
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Determining the “best” fit model

SWH Wind Stress Magnitude

Model of Best Fit Using Incomplete Gamma Function for SWH Model of Best Fit Using Incomplete Gamma Function for WSM
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Second approach with Probability of Swell using
Wave Age

Probability of Swell from January 2002 to June 2011 using WW3 Daily WSP and Peak Frequency
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