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INTERNAL GRAVITY WAVES IN THE UPPER ATMOSPHERE, GENERATED BY
TROPOSPHERIC JET STREAMS

Ye. P. Chunchuzov and Yu. M. Torgashin

On synoptic maps, related to the upper troposphere
(500 millibars, 300 millibars), regions of strong winds are
often traced. These zones often accompany atmospheric
fronts and cyclones. These layers, which are several kilo-
meters thick, extend several hundred, and sometimes even up
to several thousand, kilometers in a horizontal direction.
In other words, the movement of air masses bears the nature
of jet streams. As a rule, these flows are strongly turbu~
lized, which is indicated by the results of aircraft measure-
ments., The turbulent vortices of different sizes, "frozen"
into a Jet stream, i.e., carried by it, also serve as a cause
of the generation of internal gravity waves (VGV). Actually,
we imagine that, in an atmosphere which is, onh the whole,
calm, a perlodic struecture, with a spatial period A, rushes
through at some velocity. Then, with a velocity of movement
of +this discontinuity equal to €, the generation of internal
gravity waves 1s possible in ‘the atmosphere, with the con-
dition that the frequency of the pulsations of air particles
in the calm atmosphere:n:?ﬂ-g— is less than the Brant-Weissel
frequency Ny,w < N. The spectrum of the occurring waves is
clearly associated with the spectrum of turbulence of the jet
stream.

In order to aobtain quantitative dependences, we will
examine a model of a Jjet stream, extending infinitely along
the horigzontal, and several kilometers thick. The velocity
of the stream is constant, and equzl to C, and decreases to

*Numbers in the margin indicate pagination in the foreign text.



zero in bounds at the boundaries. In addition, the model

is two~dimensional, i.e., it door not depend on the coordinate
in the lateral direction. Generalization to the case of a
wind which depends on +the altitude %z will be given helow.

We will first assume that the atmosphere outside of the jet
gstream is in a gtate of calm and hydrostatic equilibrium.

We will further assume that N(2z) changes little at a distance
on the order of the vertical wavelength. We will note +that

a similar problem is solved for internal gravity waves which
propagate from the jet stream, and are observed at the
Earth's surface [1]. We are interested in the spectrum of
waves which are radiated into the upper atmosphere.

If +the periodic perturbation in the jet stream is con-
veyed with a flow velocity C, then, in a stationary atmos-
phere, all of the hydrodynamic fields will be proportional
to exp i(ax-wt), where a= 2n/A. It is common knowledge from
the theory of internal gravity waves that, for example, the
vertical component of velocity usmh(Z)ﬁ—yzeXP 1 {ayx -wt}, where
h(z) is the function which describes the vertical structure
of the wiee, and P (2) is the unperturbed density of the
atmosphere. If it is assumed that the horizontal component
of velocity in the wave is assoclated with w by the condition
of incompressibility

lal) = —w,,

then +ihe function h(Z) satisfies the equation

d'h
o b o (1)
EY! 1/ d T B
where 2e= g2 L M_{_Mh“ c e e D,
! (ln'"' ) WP f /) 2 dr {.



The assumption of a smooth change in N(z) (this is correct
up to an altitude of ~100 km) makes it possible to utilize
the following as solutions (1) of internal gravity wave
approximation

h=g=t3exp] - (o), (2)

where
4

t(2) == .l. @iz,

u

The index "0", here and subsequently, designates all of ‘the
variables at the upper boundary of the jet stream. For

waves travelling upward, we will use the "minus" sign. 1In
the case when v2< 0, internal gravity waves are not generated,
and

a

Iz |y =12 et

where

#e={]1]dz.

L]
Then:

- P——

U(z) = U, !s’" ;gf— t.‘xpilff(z)_ +- ax — wf].
io :

The magnitude of the pulzations of the temperature T
is found from the approximation of the adiabatic nature for
mesoscale waves

(ol 4 (', —Tw=0,

or



(Cal i =T we=0,

where Iy is the adiabatic temperature gradient, and I is the
actual temperature gradient.

Making use of ‘the fact that

a
Woees ——U,

1(2)

we obtain
&ﬁ‘mxpi[¢(254‘mv4-{}-ﬂmf],

{, =
1" an 'Y

- \ z
T:Z’- {---—--I—P-) Un lf/

We will square the real part of this expression, and average
it according to the period of the oscillations. We will ob-
tain the connection of the spectrum of temperature pul-

sations <-I‘2>k with the spectrum UO-S(k):

= P o ! (r"fj_r.. ..f.}‘l.
<. .

EOPE S(hy, (:3)
P o o -

We will note that this formula is obtained with ¥2> 0. Other-

wise (y*< 0), the internal gravity waves, as has already been
noted, would not be generated. As an example, with ¢ 20
m/sec, the high-frequency portion of the spectrum S{k), be-
giming with A'=2n/a'y 400 m, is precluded from the genera-

tion by the condition Yzfy%gi—- a®<0., Thus, the internal
gravity waves with wavelengths less ‘than A' are not generated.
Formula (3) in its natural form is generaligzed %o the case -
when there is a wind V(Z) changing smoothly with altitude
(v(Z,) 0). For this purpose, it is necessary to replace C
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in formula (3) with C~v(gz) [1], and

Az) = N(z) Y
) = e T

As is common knowledge [2], at those levels where the phasic
velocity of the wave ls exactly equal to the velocity of the
flow {"eritical" level), there ocours disruption of the wave
picture, and above these levels, the wave is not propagated.
At these altitudes, expression (3) is not applicable. How-
ever, situations are possible when the noted singularity in
(3) is absent, and the internal gravity waves will penetrate
into the upper atmosphere. Then, the spectrum of these waves,
according to (3), is similar to the spectrum of the pul-
sations of the horizontal velocity of the wind in the jet
stream.

The following problem consists of the determination of
the energy flows of internal gravity waves, generaced in
jet streams in the atmosphere. As is common knowledge [37],
the spectrum of the horizontal component of velocity in the
jet stream has a relative maximum (figure). This attests
to the fact that the vortices in the given range of wave
numbers possess the greatest energy. Evidently, the turbulent
movements of these scales are responsible for the generation
of the internal gravity waves observed in the upper atmosphere.
In the areas to the left and right of the indicated area,
there takes place a normal cascade transmission of energy
into the high-frequency range, which is not accompanied by
any energy losses whatsoever. The physical mechanism of
generation of internal gravity waves becomes clearest if the
entire examination is carried out in a system of coordinates
which is associated with the jet stream. Then, the problem
ig completely analogous to the problem of flowing of an air



flow around a statistically uneven. g(k), m® sec™72m kn™
surface [2]. The velocity of the
wake of the waves is equal to C 1wt
(several dozen m/sec), and it
follows from the dispersion
characteristics of the internal
gravity waves that the phasic

velocity is directed at a small oy
angle to the vertical, and the
waves are short.
The frequency of a single rheo L
harmonic is | KE v o
o -1
w == Ck,, s+ 2T Jam
3
. Figure. Spectral densit
where k, is the wave number along ofgpulsatigns of horizgn¥a1
the horizontal. On the other GngoninghOf V?100$t¥h0f
. wind a e gxis o e
approximated dispersion ratio study [3]:
_ The line of the dependence
w== Ny, S{ )ak T2 is for comparison

that k, aN/C. It is common know-
ledge that the grouped velocity of internal gravity waves,
in the given case, is orthogonal to the phasic velocity, and,
posing the condition of irradiation for a flow of energy. we
adopt Ko with a "minus" sign. The energy flow is directed at /16
a small angle to the horizon. The spectral components of
the energy flow have the form:
N 1S
1 pagy s B9 g v QUALITY

N
(4)
F":, =M U'r.-::“ == PuCUQk )

where k = k, and we utilized the formula of continuity, which
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associates the vertical and horizontal components of velocity
in the wave:
G

Wy Y Jk,

Uﬁ==s(k) ig the spectrum of the horizontal component of
velocity in the jet stream, and the brackets indicate the
averaging according to the period of the wave:

o T
P = VT =St |/ Sl et

By integrating expression (1) according to the indicated
area of wave numbers Ak , we obtain the total input of
internal gravity waves into the energy flow, from the entire
spectral intervali

f* - § Fr e = 1€ J:smmk
N

Fom .{ Fhdl= p,C | S(k)dk,
Ak &k

The vertical component of the energy flow is much less than
the horizontal component. In actuality,

(R)dk
_ 0.3‘____.__’,1.,..__9
N N

=
L]

x
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— .
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where k is the average wave number in the interval Ak of
generation of internal gravity waves. In this case, the



gpectrum of S(lc) is the weight of averaging. From here, it
is evident that P /T <<i, i.e., the energy is propagated
basically in the dlrectlon of the velocity of the jet stream.
If we take the characteristic values po(io km) = 0.4 kg/m?,

C =40 m/sec, we obtain

Fere 10 W M2, FL0,3 W,

The characteristic periods of gimilar internal gravity waves
in ‘the upper atmosphere are 1.5-~2 hours. The rates of their
propagation are several dozen m/sec.

If one thinke, as before, that there is an average wind
V(%) , which changes smoothly with altitude, then the formulas
given above for the energy flow change in ‘the following manner:

i O — 12} ]2
= rtll p ( ” Y ll'l‘?(,l')dk,
i v

Pl G V2N SRV
R

In the case when V(z) makes some angle with the direction of /7
the velocity of the jet stream, V(2) should be construed as

the projection of the wind velocity in this direction. The

angle 0, at which the energy flow is directed to the horizon-

tal surface at an altitude Z, is determined by the relationship:

- VNN
C. Viz) ,}; S{i\ Ll

NV soman
vy

5in 0 =~

We will again note that all of the expressions are correct
with | v(2)| <Cc. Thug, the beam may intersect the gi.an level
at an angle, which differs from the angle at which the energy
flow is directed at the altitude of the jet stream. With a



tail wind, this angle decrecases, which leads to a decrease
in on. Conversely, with a head wind, the enhergy flow into
the upper atmosphere may increase substantially. For the
conduct of conecrete evaluations, it is necessary o bear

in mind the data of the magnitudes of C and v(2).

The energy flows, entering the upper atmosphere and
dissipating in these areas, may lead to variations in the
thermal conditions, The vertical flows of a horizontal
pulse affect the dynamics of these layers:

l..::' :Iu . U‘It'} :7’ _— {Jn sv < ("k’tﬂk ::’ {[lt' — flu "'(""' \ k.‘;(kh'ik' 1‘0 (LR /_. l:.. Co
8%, N g

Utilizing the previous evaluations of F , we obtain Ixa,0.1
dynes/em?. In the problem of flowing of the wind around the
statistically uneven Earth's surface [2], I,=4 dynes/cm?, and,
consequently, the alr flows which flow around mountains evoke
a more intense generation of energy flows and a pulse, as
compared with jet streams.



3

10

REFERENCES

Tolshoy, I., Herron, T, J,, "A Model for Atmospheric
Pressure Fluctuations in the Mesoscale Range", J. Atmos.
Sci. 26, 2, 270-273 (1969). —_—

Bretherton, F. P., "Momentum Pransport by Gravity Waves",
Quart. J. Roy. Meteorol. Soc. 95, 40k, 213-243 (1969).

Kao, 8. K., Woods, H. D., "Energy Spectra of Mesoscale
Turbulence Along and Across the Jet Stream", J. Atmos,
Sci. 21, 5, 513-519 (1964). -



	GeneralDisclaimer.pdf
	0001A01.pdf
	0001A01_.pdf
	0001A02.pdf
	0001A02_.pdf
	0001A03.pdf
	0001A04.pdf
	0001A05.pdf
	0001A06.pdf
	0001A07.pdf
	0001A08.pdf
	0001A09.pdf
	0001A10.pdf
	0001A11.pdf
	0001A12.pdf

