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Motivations

* Polarization relations for GWs are well known and frequently
utilized to benefit science investigation. The corresponding
relations for tidal waves must exist, but are rarely mentioned
in the literature.

* Objective for this study: To derive the polarization relations of
the global tidal waves (s 1s an eigen-index) and of the locally
observed tidal-period oscillations (only ¢ can be specified), to
apply them to lidar observed tidal-period oscillations based on
a long dataset, and to investigate its implications.

* Personal objective: This study provides a chance to understand
the difference between classical and modern theory, such as
GSWM and HME, and to gain confidence when comparing
them to CSU Na lidar observations.



CSU Lidar Data, Full-Diurnal-Cycle Observations (2002 — 2008)
determined T, U, V Tidal-Period Perturbations
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Starting from the primitive equations (hydrostatic
equilibrium) in spherical, log-pressure coordinate.

Wave perturbations to a resting Spherical Atmosphere in
log-pressure coordinate are governed by [AHL, p. 115]:

u'-fv'v(acosg)'o,' = X' (1a)
v +fu'+ad =Y’ (1b)
(acosg)'[u, '+ (v'cos $),] + o (ow'), =0 (1c)
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Solution to Egs. (1a)-(1b) and (1¢)-(1e), without excitation sources
(homogeneous equations) yield polarization relations (for tides, etc.)



For global waves, the solution may be casted in the following form
with perturbation frequency, o, and zonal wave number, s,
specified as eigen-indices.

'y BT = Refit (.2)7 (0.0b o1 b BT B2 (a)

These height-latitude functions may be determined by models
(GSWM or HME) or satellite observations (SABER, TIDI).

For situations, in which contributions from waves with more than
one zonal wave numbers are important, or contributions

from different global modes are not separable, such as tidal-period
oscillations at a local site, the solution (or eigen-function) should
be casted in the following form; only o can be specified.

@' v 'w', @ T =Re it A,2) 4D, A,2) 0906, A,2), 8, ,2), R4, A,z )e "™} (2b)

Substituting (2b) into (1a) and (1b), and into (1d) and (le),
respectively, we obtain polarization relations (3a) and (3b):
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From (1a) and (1b), &’ may be expressed in terms of & and &.

Then, we can now use (1le) to relate P°to & approximately as:
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Using CSU full diurnal observations (from 2002 to 2008), we have determined £, \%’7’?
With (3b), we determine W These were plotted for Mar, as shown previously. With (3a)

and (4), one objective is to determine @€' and S e and investigate their implications.



Consider 3 special cases:

(a) atidal component with s, &3 — js&
(b) a migrating tide, s, +—— 0—>& =0,ie,#-0, and
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Let A, = in agreement with low-freq GW polarization.

For both cases (b) and (c), v leads u by 90°;
The phase shift, Ap = ¢, — Atan(2mH) - ¢, , may be plotted.
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Conclusion and Future Work

Polarization relationships relating observed tidal
perturbations are derived.

The relation between w’ and T’ is independent of tidal
structure, and may be used as a method to determine

w’ from T’ .

The relation between v’ and u” and between T’ and u(%b
however, depends on tidal structure via parameters,é
and %g , that may be determined from observation.

Since these parameters depend on tidal structures, the
understanding of their meaning and impact require the
knowledge of tidal structure, which may be obtained
form tidal models, such as HME.



