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4.2A SPECTRAL MEASUREMENTS OF TURBULENCE AND GRAVITY WAVES
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Recently, it has become widely recognized that gravity waves play an
important role in determining the large-scale circulation of the middle
atmosphere (FRITTS et al., 1984), This realization has come about, in large
measure, from the realization that Rayleigh frictionm plays an important role in
the dynamics of the middle atmosphere. Since Rayleigh friction is intimately
related to the saturation of vertically propagating gravity waves, an under-—
standing of the saturation process has become a focal point for theoretical
studies (FRITTS, 1984; WEINSTOCK, 1984).

With the advent of MST radar studies of the middle atmosphere, it has

. become possible to determine the spectrum of horizontal atmospheric velocity

fluctuations over the range of scales which comprise the gravity-wave spectrum
(BALSLEY and CARTER, 1982; LARSEN et al., 1982), It has been suggested
(VANZANDT, 1982; DEWAN, 1979) that these spectra are comprised of buoyancy
waves, However, the interpretation of these spectra is controversial as will be

, discussed below,

_ It has long been recognized (HODGES, 1967; BRETHERTON, 1969) that
turbulence can result from the breaking of vertically propagating waves. This
small-scale turbulence draws its energy from the internal wave field and, at the
same time, provides a sink for internal wave energy. But there is another kind
of "turbulence" that ought to be considered. This "turbulence" is the quasi~
two~dimengional turbulence that occupies the same range of scales as the
internal wave spectrum (GAGE, 1979; LILLY, 1983, LARSEN, 1983), Since it is
associated with a reverse cascade of energy, it requires a small-scale energy
source, and breaking waves would appear to provide the source that is required.

The relation- between waves, quasi-two-dimensional turbulence, and ordinary
small-scale three~dimensional turbulence can be examined more easily in the
lower atmosphere than in the middle atmosphere., Onme reason for this is that, in
the lower atmosphere, aircraft observations can be used to help understand the
nature of the frequency spectra observed by MST radar. The results of several
studies (LILLY and PETERSEN, 1983; NASTROM and GAGE, 1983) have recently shown
that the aircraft spectra of horizontal velocity near the tropopause is very
similar to Taylor-transformed frequency spectra of horizontal velocity obtained
by vadar. In addition, the aircraft also measures temperature and comparison of
temperature and velocity spectra can aid in the interpretation of the nature of
the observed spectra (GAGE and NASTROM, 1984).

MST radars can also be used to help understand the nature of the observed
spectra, For example, vertical velocity spectra have been observed (ROTTGER,
1981; BALSLEY et al., 1983; ECKLUND et al,, 1983) to be quite flat under "quiet"
conditions and to fall off rapidly at periods less than the Brunt-Vaisala
period, These features are strongly suggestive of a spectrum of internal
gravity waves. If the spectrum of vertical motions is interpreted as an
internal wave spectrum, it is possible to determine the magnitude and shape of
the horizontal velocity spectrum of gravity waves and compare this spectrum with
the gbserved spectrum of horizontal velocity fluctuations (GAGE and NASTROM,
1984).




187

Further clues to the nature of the observed horizontal and vertical velo-
city spectra may be obtained by studying the sltitude variation of the
horizontal and vertical spectra. It may be possible, for example, to
demonstrate an increase in turbulent kinetic energy at altitudes where waves
dissipate. In any event, such studies should elucidate the mechanisms by which
the middle atmosphere is coupled to the lower atmosphere and clarify the role of
gravity waves in this process, .

Sumnmary of issues to be resolved:

* Does there exist a "unxversal" spectrum of internal waves in the atmosphere
analogous to the Garrett-Munk spectrum inm the ocean?

* What are the sources and s1nks of the atmospheric internal wave spectra?
How do their dynamics differ from the dynamics of oceanic internal waves?

* Are the horizontal velocity spectra due to internal waves, quasi~two-
dimensional turbulence, or some other cause?

* Yhat is the altitude dependence of wave/turbulence spectra?

* What is the interrelationship of wave spectral amplitude, turbulenmce
intensity, and the magnitude of the horizontal velocity spectra as a function
of altitude?

* How are the joint dynamics of wave/turbulence processes best described as
they relate to the coupling of the lower and middle atmosphere?

Spectral measurenents needed:

* Compatlsons of vert1ca1 and horizontal velocity spectra ‘and their altitude
variation.

* Climatological studies of vertical and horizontal velocity spectra.

* Comparisons of radar-derived spectra with spectra determined by other
techn1ques.

* Vertical velocity spectra need to be obtained from flat terrain to determine
the dependence of vertical velocity spectra on topography.
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