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Aim

Compared with traditional techniques of measuring the current field, Coastal Acoustic
Tomography (CAT) can easily achieve long-term and synchronous measurement over a large area,
obtaining the rapidly varying current field in coastal seas. This project aims to carry out a full
discussion on the nonlinear tidal dynamics based on CAT data in coastal regions with Prof. Guo Xinyu
of Ehime University. In addition, a discussion with Prof. Guo about how to assimilate the CAT data
into the ocean model with triangular mesh by using the ensemble Kalman Filter scheme is also

necessary.

Procedure

1. The principal investigator (PI) made an oral presentation “A study on assimilation and
application of Coastal Acoustic Tomography” and made a briefly introduction of Coastal
Acoustic Tomography and its application in coastal regions.

2. The PI carried out further research with Prof. Guo Xinyu on nonlinear tidal currents in
Chinese coastal regions. The Pl discussed with Prof. Guo about the generation mechanisms
of the nonlinear tidal current (i.e. M4 and M6 tides) observed by Coastal Acoustic
Tomography.

3. The PI discussed with Prof. Guo about the schemes of assimilating the Coastal Acoustic

Tomography data into the ocean model with unstructured grid.

Results

We select a typical coastal regions of China (Zhitouyang Bay) to discuss the characteristics of
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nonlinear tidal currents. The 15-min mean depth-averaged current data obtained by Coastal Acoustic
Tomography (CAT), which covers about 27 hours in Zhitouyang Bay on the western side of the East
China Sea, are used to estimate the semidiurnal tidal current (Mz) as well as its first two overtide
currents (Ms and Mg).

To obtain the M4 and Mg tidal currents generated by the advection and quadratic bottom friction
terms, we carry out the derivation of these terms in the two-dimensional shallow-water equations.

These equations can be written as follows:
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Here, X, y are the horizontal spatial coordinates (positive denoting eastward and northward
respectively, unit is m), t is time, u, v are the horizontal velocity components; g is gravitational
acceleration (=9.8 m s2); n is surface elevation; Cq is bottom drag coefficient (=0.0025); h is the

water depth' fis Coriolis parameter (=7.27x107° s). Thus the nonlinear advection terms are u‘;—'; +
17— and u— + v the nonlinear friction terms are m/u2 + v2 and vvu? + v2,

The tidal veI00|ty components of My (i.e., u, and va) can be written as

uy = U.(x,y) cos(at) + Us(x, y) sin(ot)
: )
= Ve(x,y) cos(at) + V(x, y) sin(ot)
Here, U.(x,y), U.(x,y), V.(x,v), V.(x,y) are harmonic constants of the M tidal current at each
spatial point, o is the My angular frequency.
The My tide is mainly caused by the nonlinear advection terms of the M tidal current (Parker, 1991).
Substituting Eq. (2) into Eq. (1), we find that the nonlinear advection terms can be written as follows:
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Then we can obtain the currents from the advectlon terms (i.e., M4_ca)) by integrating with respect
to time the Msangular frequency terms in Eq. (3), as follows:

Upy = f—gsin(ZJt —ay)

Dy . (4)

Vpy = ;sm(ZUt —a,)

Here, B, = /Bcz + Bs%; Dy = ’DCZ + D% a, = arctan (%); a, = arctan (D ) The velocities in

Eqg. (4), having the M4 angular frequency, are considered to be the predicted M, tidal currents. Then,
because the predicted M4 currents are derived from the advection terms, if the predicted My are similar
to the My currents measured by CAT, we can confirm that the advection terms make a primary
contribution to the generation of M, tidal currents, otherwise the My tidal currents may also be
generated by other factors.

In the deep area, where water depths are larger than 60 m, M4 velocity amplitudes measured by CAT
agree well with those predicted by the advection terms in the shallow water equations, indicating that
Masin the deep area is predominantly generated by the advection terms (Figure 1).
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Figure 1. Tidal current ellipses of (a) M4 and (b) M4 _cai. Red lines indicate similar ellipses for M4 and
My _ca. The area enclosed by the dashed lines indicates the CAT observational region.

On the other hand, the overtide that has three times the M. angular frequency (i.e., 3o) is mainly
caused by the friction terms (Fang, 1987; Parker, 1991). The quadratic bottom friction terms of the

linear tide can be written in the following form:

— 2 2
{(Tmaj - Cd ‘ /umaj + Umin
— 2 2
kTmin - Cd | ’umaj + Umin umin/h

here, T,q; and tpy;pare the bottom friction along the major and minor axis directions of the linear
tide, respectively; up,q; and uq,;, are the velocities along the major and minor axis directions of the
linear tide, respectively; h is the water depth. Considering u;,,; > um;, (Fig.1), Eg. (5) can be
written as

umaj/ h
©)

{Tmaj = Cd|umaj|umaj/h ©)
Tmin = Cd|umaj|umin/h
Eqg. (2) also can be written in the following form:
{umaj = Umaj(x,y) cosat @
Umin = Unin(X,y) sinat

Here, Upaj and Uy, are the amplitudes along the major and minor axis directions of the linear
tide, respectively.

The Fourier expansion of Eq. (6) can be written as follows when we consider only one linear
tidal constituent:

8
Tmaj = Umaj (x,y)? Ym=0123,.(— 1)mHt m-D@Em+D)@m+3)r cos(Zm + 1)at
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The predicted Metidal currents (i.e., Ms_cal) are obtained by setting m=1 and integrating Eq. (8) with
respect to time as follows:

8Cy

Uzg = Upaj(x, )? 1o cos 30t
scq ©)
V3g = _Umaj (%, ) Upin (x, ¥) ESIH 3ot

The velocities in Eq. (9) having the Mg angular frequency are considered be the predicted Mg tide.
From the similarity between the measured Ms and predicted Ms currents, we can confirm the
contribution of quadratic bottom friction to the generation of the Mg tide.

Mg measured by CAT and predicted by the nonlinear quadratic bottom friction terms agrees well in
areas where water depths are less than 20 m, indicating that friction mechanisms are predominant for
generating M in the shallow area (Figure 2).
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Figure 2 Tidal current ellipses of (a) Ms and (b) Ms_ca. Red lines indicate similar ellipses for Ms and
Ms_cai. The area enclosed by the dashed lines indicates the CAT observational region.

Then, we also made the first challenge to assimilate the CAT data into an ocean model with an

unstructured triangular grid by using the ensemble Kalman filter scheme (Evensen, 1994).

In order to establish a relationship between CAT data and model states, the relationship between the
sound transmission lines and the triangular mesh is described in Figure 3. The original CAT data are
travel time differences (At) between two acoustic CAT stations. At first, we transfer At to average
velocity in the direction along the transmission lines (V1) between the two stations using the equation

2
Vear = —C"Z—LAT, where C, is the reference sound speed and L is the station-to-station distance.
Meanwhile, the average velocity along the transmission line in the ocean model (V,,04e;) Can be
calculated by V5401 = Z?=1%(uicose + v;sinf), where u and v are the eastward and northward

ocean model velocity components, respectively; n is the number of triangular grids that are crossed by
the sound transmission line; the subscript i indicates the i triangular grid in the sound transmission
line and the corresponding distance is I;; 6 is the direction of the sound transmission line, rotating

anticlockwise from due east.
In theory, Veur equals V461, SO the relationship between CAT data and model states can be

written as:

2 .
- COZLAT = ?:1% (u;cos6 + v;sind) (10)

Thus, the relationship between CAT measurements and state vectors of the simulation can be written

as:
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where N is the element number in the model mesh; the subscript m denotes the sound transmission
line number and j denotes the j™ sound transmission line. Thus, the first matrix in the right hand of

equation 11 is H. Here, we just show some coefficients that are crossed by the transmission lines for

example.



Figure 3. An example of the sound transmission line between C1 and C2 crossing the triangular
mesh (gray grids).
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Publication/conference presentation
Oral presentation:
Title: A study on assimilation and application of Coastal Acoustic Tomography

Lecturer: Ze-Nan Zhu
Time: August 1, 2017

Location: Ehime University.

Perspectives in future
This project help me a lot to improve the research on nonlinear tidal currents and assimilation

scheme based on Coastal Acoustic Tomography data. For the further study, | hope to discuss more
with Prof. Guo to improve the assimilation scheme. Meanwhile, | hope to popularize the applications

of Coastal Acoustic Tomography in coastal regions.



