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Questions

* Could we explain and isolate the wind-coherent sea surface
heights (SSHs) using a statistical model and discern local and
remote wind-forced SSHs?

®* How are the statistical model and analytic model consistent?

* What will be the implications of the wind transfer function
analysis (or multivariate wind regression)?



Outline

® An overview of study domain (U.S. West Coast)
* Mean, standard deviations, steadiness of wind and SSHs
* Energy spectra of wind and SSHs

® Statistical and analytic models
* Comparison of two models: Transfer functions

* 2D model’s diagnostics - Distribution of terms in momentum equations
(analytic model only)

* Local vs. remote wind-forced SSHs (statistically model only)

®* Summary



-Study domain
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~ Mean and STD of wind & STD of SSHAs

NB t NB f . NB

LL } LL F LL t

NP | NP F NP

WB | WB F WE |

CB CB | CB

CCr L cC |

9 1 i

SC sC f 5C +

PA PA PA

PR | PR |

SF oF oF

MB MB MB

RP | RP RP -

SL f SL 5L f

SB L 5Bt

VT L . \S/'Br L VT :

W | ™ T f

SD | : D f D ¢ . .

-8 —4 0 4 8 0 0 5 10 15

RMS (cm)

Mean (ms™)

® Zero wind in the cross-shore direction and equatorward wind.

® 2-3 times higher variance of along-shore wind than cross-shore
wind;

® Standard deviation (STD) of SSHAs (Sea surface height
anomalies) — detided SSH [possibly barotropic tide removed]



~ Spectral contents — an example
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-stical model — transfer function
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- statistical model — transfer function

A

Y * Ensemble time series of wind
stress and SSHAs records

® Their Fourier coefficients in
the individual frequency bins
are regressed.
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m: Regression coefficients (Transfer function)



A statistical model — transfer function

®* Decomposition of sea surface heights (SSHs)
(o) =ns(o) + (o) +ne(0).

* |Inverted barometer effects (B); Tide-coherent (T); De-tided SSHs (F)

* Transfer function (G) in the frequency domain
~1
G(r) = ((ne(0) T (0))) ((z(0) 7)) + Rq)

* Wind stress (t), regularization matrix (Ra)

* Estimates of wind-coherent SSHs based on a linear relationship between
two variables in frequency-by-frequency

* Regularization matrix adjusts misfitting and overfitting of the regression.



-derived transfer functions — magnitude and argument
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* Low signal-to-noise ratio of the cross-shore wind.

* Red spectrum of G,
* Slow transition (0 to 90), then nearly constant argument (©,)



An analytical model

2D idealized model
Straight coast (y direction);

Small sea level slope in the alongshore direction compared to
the slope in the cross-shore direction

Depth-integrated cross-shore flux is closed.

Periodic wind stress at each frequency and direction is applied
separately

-— 0 o o

C. Winant, JPO(2007)
A. Ponte, JPO(2012)



. Notations of individual terms (in the frequency domain)

The wind-driven frictional currents (Wy.1,.y) can be described with the currents
which are parallel and normal to the wind direction. These two primary wind-
driven currents may generate the geostrophic currents (Py,,.1) due to local pres-
sure gradients (dr7/0dx and di/dy) near the coastal boundaries [e.g., [59]]. As we
compute the current response to 7y and Ty separately, their decomposed terms at
the surface (z = 0) are expressed as [e.g., [85]]

i(c) = Puxtx + Pry Ty + Wax T + Wy Ty, (14)
0(c) = PyxTx + Pyy Ty + Wi T + Wy Ty, (15)

where the first and second subscripts of currents (P{ 1y Wiagy) denote the direc-
tion of the current and forcing (wind stress), respectively. For example, P, denotes
Fourier coefficients of the v-component driven by dr7/dx that is related to frictional
currents (Wyy), generated by Ty.



--derived transfer functions — magnitude and argument

0

't ¢ 3

10

t

T
va

10° \

180

90

— ()

— ("}

1. M ..ﬂM

lU IN
Yy V‘U I
ity A
1
S ekl
? : : ! ' ! ~180 ' ' e
0 0.5 1 1.5 2 2.5 3 0 0.5 1 1 5 2 2.5 3
Frequency (cpd) Frequency (cpd)
Local inertial frequency Transition frequency ¢
¥ E‘. 180 f
S —H —
— % ( e ()
.E. 10 x’k\; 0 K\-—__
N
—90 | -
' : ' ' : ~180 : ' : : '
0 0.5 1 1.5 2 25 3 0 0.5 1 1.5 2 2.5 3
Frequency (cpd) Frequency (cpd)

® Consistent results in the alongshore direction

®* The alignment of the wind and shoreline, bottom bathymetry,
stratification may change the argument
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* Distribution of variance (squared quantity) of momentum
terms in the frequency domain.

® Geostrophic currents due to pressure gradients in the cross-
shore direction

® Frictional currents become dominant at higher than transition

freq.
'ﬂ(ﬂ") = Py Ty + P;;-yfu + Wiy T + M{ryﬁp
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-Itivariate wind regression (local vs. remote winds?)

a b
T T TT T T T T T 1T T T I*SISHA T T
1r1 1r ] L
2t 2t o o =) _ Gi(o)7(0)
3L 3t mEE =B [=1
2 4r S 4t Em m B
2 2 S | BE B
8 g > EMR X, On
S 6 S 6 =m ] mE @B (]
= = 2 —1 n
g 7 r 3 7+ 1| EE B @B ] K (X) -
38 8t S 8t LT Em = BE B Z‘WPXJH
E 9 _g 9F =m 1] EE @ B@E ] H
Em— E 10 = OB @ OEE BE ]
:3211 - :.2 11 F B Ban EE B BH [ ] ]
12 + 12 + B Bmn aEE B BEm a
13 13 0D OmOo ODEE @D @O@E (]
14 14 D DCmOoBoODEDE @D BAE (]
02 03 04 05 ”ﬁﬁ%%%:‘i%% 555 F 5
2
K Wind

Cross-validated wind skihhich basis provides a better skill?
using incremental wind basis functions




-ultivariate wind regression (local vs. remote winds?)
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Cross-validated wind skihhich basis provides a better skill?
using incremental wind basis functions
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Summary

* Wind-driven sea surface heights are examined with the
statistical and analytic models by comparing transfer functions
derived from individual approaches.

®* The model diagnhostics show how the terms in the momentum
equations are balanced and how the transfer function anslysis
are relevant to the analytic model.

®* The multivariate wind regression can provide a tool to discern
the local and remote wind-forced SSHs.





