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Abstract

We derive a normal form of nonlinear equations for short equatorial waves considered in the framework of the rotating shallow
water model. We show dynamical splitting of equatorial Rossby and inertia-gravity waves. We derive an effective Hamiltonian
for the short inertia-gravity waves and consider their kinetics using the weak turbulence approach. Stationary power-law energy
spectra are obtained. They have different slopes for eastward and westward propagating waves due to the fact that resonan
triads of inertia-gravity waves exist only in specific regions of the phase-space.

0 2005 Elsevier B.V. All rights reserved.

1. Introduction

The equatorial region in the atmosphere and ocean is dynamically special because the vertical component of
the Earth’s angular velocity changes sign at the equator. This leads to the appearance of the whole family of
special waves propagating in the so-called equatorial wave-guidé] cthe equatorial waves are known to play
an important role in the dynamical processes both in the ocean and in the atmosphere which determine the Earth
climate. In the ocean, they are crucial for El Nifio phenome[®8], while in the atmosphere they are at the origin
of such fundamental phenomena as tropospheric Madden—Julian oscilldfiemd stratospheric quasi-biennial
oscillation (QBO)[5].

In the present Letter we will concentrate on short equatorial waves. Due to the confined geometry of the equato-
rial wave-guide their dynamics is a good candidate for the application of the wave (or weak) turbulence approach
which requires a large ensemble of weakly nonlinear random-phase waves. The form of energy and momentum
spectra of short equatorial inertia-gravity waves is of utmost importance, e.g., in the QBO mddEleugd the
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theory of wave turbulence provides the tools for obtaining such spectra. In what follows, in order to describe
equatorial waves and their interactions we will use the simplest possible rotating shallow water model. It is worth
noting, that in spite of its highly idealized character, this model is frequently used in interpreting data and fits the
observations to a good extdBt9].

2. Waveturbulence: areminder

We remind here the basic notions of the wave turbulence approach which will be used in what follows. The
material is standard, s¢€0,11]for details. A systematic (although not unique) way to realize the weak turbulence
approach is through the Hamiltonian description. The full Hamiltorifaaf the system expressed in terms of the
Fourier-transformsy (¢) of the physical fields contains the Hamiltonian of free waves:

H2:/dka)(k)akalf, (1)

and the interaction ternti,; which may be expanded in powers @f and its complex conjugate: Hint =
H3z+ Hs+ -+ with

1
H3 = > / dk dkydko 8 (k — K1 — K2) Vikk, g ak, ak, + C.C.
1
+ > / dkdkydka§(k + k1 + k2) Ukk,k.akak, ak, + C.C, (2)

1
Hy= > / dk dk1dkodksd(k +ky — ko —k3) Wkklkzkgaia;lakzakg- 3)
The frequency spectrum(k) is given by the dispersion relation. It is décay type if the following equation:

w (k1 +k2) = w(k1) + o(kp) (4)
has (nonzero) solutions. Otherwise the spectrum ioofdecay type.
The equations of motion are, correspondingly,

SHi
ik = —iw(K)ak — i —= (5)
day

The wave-amplitudes are always supposed to be small and, hence, the interaction Hamiltonian gives only small
corrections to the linear solutions.

The main hypothesis of the weak turbulence theory is that weak interactions of a large number of waves lead to
the phase randomization (a central limit theorem-like argument) and result in the Gaussian statistics of the wave
field. From the full dynamical descriptiofb) one passes then to a statistical description, where the system is
described by a set of correlation functions of complex amplitudes.

Gaussianity for spatially uniform medium means that all odd-order correlators vanish and that the even-order
correlators are expressed in terms of the (real) quadratic(oge;,) = N (k)3 (k — k). The main goal of the wave
turbulence theory is, thus, to determine the evolution of this quantity which is given by the kinetic equation:

NK) =Z[NK)], (6)

where expression in the r.h.s. is called collision integral. Obviously, the stationary solutions of the kinetic equation,
i.e., suchwn (k) that annihilate the collision integral, are of importance.

In the case of the decay spectrum it is sufficient to retain the cubic interactions only and the following three-wave
collision integral results:

I®[NK)] = / dK1dK2 [Wkkik, frkiko — Wiikok fkikok — Wiokky fiokky s (7)
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where

Wikaks = 277 | Vickako |28 (K — k1 — k2)8(0(K) — 0 (k1) — o (K2)), 8
and

fikiks = N(KN (k)N (ko) (N2 (k) = N"H(ke) — N 1(ko)). )

In the non-decay spectrum case, the interaction Hamiltonian, in general, contairtaottd H4 contributions.
The cubic terms in the Hamiltonian may be removed by a canonical transformation of the dynamical viri@gbles
and the four-wave collision integral results

IP[NK)]= ﬂ/dkl dK2 dK3 Wikikoks fick k ok (10)
where
Wikakoks = | Tkkqkoks 28 (K + K1 — k2 — k)8 (@ (K) + w (k1) — o (k2) — w(K3)), (11)
with
Tickikoky = —2 Vierkakoka Vlzk2+k3sk2,k3 _ Vi ko k—ke Vk*3‘k1,k3fk1
ok+ky) —ok) —oky)  woks—K)+ok) —woks)
Vickak—ka Vi ky ko—ky - Vickaki—ka Vi k ko—k
wkz — k1) +oky) —wk)  woks—Kk) +wk) —woks)
ViwkekikeVigkkak o UkikkaUlipkghoks 1
ok —kp) +oky) —ok)  ok+k)+ok) + oK) T Wdalaks: (12)
and

fikakoks = N(K)N (KD N (K2)N (K3) (N1 (k) + N (k1) — N7 (ko) — N~ 1(ka). (13)

A standard method to look for stationary solutions of the kinetic equation, both in decay and nondecay cases is
factorization. The integrand of the collision integral, by transformation of the integration variables, either in terms
of frequencie$10], or in terms of wavevectofd 2], is cast to the form of a product of several factors, each of which

may be annihilated by some choice®fk), taking into account the frequency- and wavenumber delta-functions
which are always present in the integrand. In its classical form the method is applied to the class of homogeneous
dispersion laws of the forne o [k|*. Two types of stationary power-law spectra are usually found in this way: the
equilibrium spectra with equipartition of energy, and the Kolmogorov-type spectra with energy or wave-action flux
through the spectrum.

3. Weak turbulence of equatorial wavesin therotating shallow water model
3.1. Rotating shallow water model on the equatorial -plane, a reminder

The physics of the model consists in horizontal momentum and mass conservation in a layer of shallow water
of constant density (equal to unity in what follows) on the tangent plane to a rotating planet in the hydrostatic
approximation. Rotation enters via the Coriolis force. The centrifugal force is absorbed into effective gravity
Stratification is rudimentary and is reduced to a single isopycnal sutfacé(x, y, t), the free surface. Here
andy are zonal and meridional directions, respectively. The fluid depth at rést Equations of motion in the
absence of dissipation are

IV+V-VV+ f(y)2ZAV+gVh =0, (14)
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dh+V - (vh) =0. (15)

The Coriolis parameter ig(y), its meridional dependence is the only remnant of the planet’s sphericity. On the
equatorial tangent plang= By.

If boundary conditions of exponential decay far from the equator (equatorial wave-guide) are imposed, the
linearization of(14), (15) using the decomposition of all the fields in the parabolic cylinder functions of the form

H,(y)e"1?
NCTINCAS

where H,, are Hermite polynomials, gives the following wave solutions (dispersion relations are given in non-
dimensional units)1,6]:

on(y) = (16)

e Kelvin waves with linear dispersioa = %,
e Yanai waves with the dispersion lawf — ko — 1 =0,
e Rossby and inertia-gravity waves with the dispersion law

@ — (K + @21+ 1)w—k=0

(the lower frequency: Rossby waves, the higher frequencies: inertia-gravity waves).

Therefore, the inertia-gravity waves (IGW) are strongly dispersive at long wave-lengths and weakly disper-
sive at short wave-lengths. The Rossby waves at short wave-lengths are strongly-dispersive and strongly spatially
anisotropic. The Kelvin waves are rigorously nondispersive. The short Yanai waves rejoin the Rossby-waves family
for negativek, and the IGW family for positivé, (seeFig. 1).

Gravity

Kelvin

k(c/2B) 2

Fig. 1. Dispersion curves for equatorial waves. Only two lowest meridional modes are shown for Rossby and inertia-gravity waves.
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Below, we will apply the wave turbulence approach to the short equatorial waves. They are still confined in
the equatorial wave-guide but their spectrum may be considered as continuous. Being continuously generated in
the atmosphere by deep tropical convection and topography, they are likely to form a “wave soup” which is a
key element of the wave turbulence approach. As is clear ff@gnl, the short IGW are almost nondispersive,
in contradistinction with the short Rossby waves. This is not surprising, because the §{4jemthe absence
of rotation is just a 2d gas dynamics and, hence, in this case the IGW are analogous to the sound waves with the
“sound speed?® = /gho.

3.2. The normal form of the equations for short equatorial waves

The Hamiltonian structure of hydrodynamics on tBlane, the equatorigd-plane being a particular case
of it, is known to be noncanonical (dfL3] and references therein). Hence, the application of the above-exposed
formalism is not straightforward and the dynamical system should be first processed. We, hence, try to bring the
dynamical equationél4) to the standard normal form.

The nondimensional equations for the velocities and the deviation of the height field from the rest value
z= h;—;‘o on the equatorial beta-plane are

U +uny +vuy — Byv+2, =0, (17)
vr +uvy +vvy + Byu+2, =0, (18)
Zr +ux + vy + Wz)x + (v2)y =0. (19)

For simplicity we suppose that there is a unique small paranaeterd assume weak nonlinearityv, z ~ ¢ and
weak inhomogeneity ~ €. The leading-order part of the systéfrv)—(19)is a system with constant coefficients.
The smallness of thg-term means, in fact, that we are considering motions with a characteristic scale small with

: . Jho) /4
respect to the equatorial deformation radRis= %
Introducing the Fourier-transforms

(000,00, 200) = [ (v, 30 exptike) k. (20)
wherer = (x, y) andk = (k1, k2) and the integration is over the whole plane, we rewrite E§g)—(19)in a

symmetric form

B T R ik2/2 [(wium + vivm)dAi + [ Qumdr | =0, (21)

du /D1 0 —iﬁaikz iky i ik1/2 [ (uium + vivm) dr — [ Q21vm dr
(ka/8t>+ iB < >+

dzk /0t iky iky 0 Zk iky [ziumdA + iko [ zivm dAi
whereR = v, —uy, 2y =ilyy —ilouy, dr =8(K —1 —mydldm.
We diagonalize the main part by a change of variables

—ikp k1 —k1

UK \]':I J}?k\ ﬁzlkl ax
_| ik 2 —k2

(”k> =| ® 2k V2K (bk)' (22)

<k o L L ) %

V2 V2

For real-valued:, v, z we have from(22)

ak = d—_g, ck =b_k. (23)
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As a result of the diagonalization we get
iky 19 1.9

day /0t 0O O 0 ax 1|k|32 \/i.é]ikz fakz ax
(abk/at)Jr(O ikl 0 )(b">+ﬁ 706 Take zke || b | TNL=0. (29

dck /0t 0 0 —ilk]/ \e Tl s ik T o
V2 3kz 2k |2 21k |2
Here the nonlinear term®¥ L have the form:
S Ugnaiam + U aibm + U aicm) d 0
3 4 5
NL=| [(VOQ abm+ VL aam+ V2 acmydr |+ [Vimbibm + Vimerem + Vipnbicm) dA
S W atem + Wi aiam + W aibm) d S W ciem + Wimbibm + Wi cibm) dix

(25)
with interaction coefficients which can be easily found fr(th), (22).
Thus, the variabley describes the short equatorial Rossby waves with the dispersiafmlaw—% and the

variablesby, cx describe the short inertia-gravity waves with the dispersiondqws |K| — %

The linear part 0o{24) may be diagonalized by an additional change of variables

o .1 _3 1
ax ar k2 \/2/K| k2 \/2/K| aK
i
(bk>—> (bk)—i—ﬂ —élklm 0 _rkll?’ (bk>. (26)
k i [ E I 0 k
V2/k| k2 4k|3

The system at the leading order takes the form
0
f(UiE“%mam + Uéllgqmbm + Uélzr)nmcm) dxi

dayg /0t i2 O 0 ak
<8bk/8t> - < 0 iwk O ) (bk> +| SO abm + Vi aam + Vi aiem) di

dek /ot 0 0 —io-
o/ KOS KT\ (Wmaiem + Wi aiam + Wi aibm) d2
0
+| Fibn+ Vinaen + Winham i | <o )

4
T ciem + Wi bibm + WS cibm) dA
Hence, the Rossby waves split out, i.e.qif= 0 at the initial moment, theax = 0 for all times while these
equations are applicable. As a result we obtain the closed system of equations for the short inertia-gravity waves

3 4 5

dby /9t iok 0 by J (Vimbibm + Vigmeiem + Vigebicm) d
acc/or ) T\ o =i ® @ ) =0. (28)
ck /ot —io_k ) \ ck [ (Wi ciem + Wy bibm + Wi cibm) d

These equations are equivalent to the following Hamiltonian system in terms of two space—time variables

o(r, 1), z(r,1):

1) 0 1\ [(8H/s¢p\ _
(£)+( % o) (Bt )=e @
with the Hamiltonian

1 1
H=/(§(1+z)(¢§+<p§) + §z2+ﬂ¢A_1zx> dx dy. (30)

In terms of the Fourier-transforms

(%)=(F 7)) @

1 1
7z
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these equations have the standard f@nFor real initial variables we havg = b*, thereforeb, can be consid-
ered as a single independent variable. The Hamiltonidh+s Ho + H3, with

Bk
H2=/wk|bk|2dk, ok =k — Ek—’;, k= /k2+ k2, (32)

where the frequencyy is positive for the short wavesis is of the form(2), where in the leading order i

mkl(kz, k3) + ka(ks, k1) + k3(ky, kz)’
Vkikaks
and an obvious short-hand notation for the indices is used.
Therefore, the standard methods of the weak turbulence theory may be applied to the equatorial IGW. The results
will, however, depend on the decay or nondecay character of the dispersi@2pWwhe following analysis shows
that the dispersion law changes its type depending on orientation of the wave-vectors triad and that, in spite of the
almost acoustic character of the short equatorial IGW, they can form nontrivial resonant triads.

2U123= Vi23= (33)

3.3. Existence of resonant triads for short equatorial IGW

Consider the resonance conditions

k=ki1+ko, wx = w1+ w2, (34)

and write them in the new basis formedky= (k., ky) andk | = (=k,, k). Then

k = k1 c0S091 + ko COSHo, 0=kqSin01 + k2 sind>, (35)
B (coja+61) coSu—+62) COSx
ki+ky—k — = - =0, 36
1+k2 > T % p (36)
whereq is the angle betweek and the directiore, and co®; = (%, E—;) sing; = (%, i—;) j =1,2. We rewrite
the frequency equation as
.01 50 Bcosx /cosfy cosdr 1 Bsina (sinfy  sind;
2ky Sin? — + 2kpsin? —= | — -2) - =0. 37
(1 p T 2) 2<k1+k2 k 2 n Tk (37)

The characteristic scales are~ k> ~ 1> g > 0, therefore angles are smalk, 6> « 1. For smallp; the reso-
nance equations are simplified:

k=k1+ ko, 0= k161 + k202, (38)
pcosa (1 1 1 Bsina (61 62

k162 /2 + ko622 — 4+ =)= =4+ Z)=0. 39

10/2 + k203/ 2 (k1+k2 k 2 'k (39)

Thus two situations are possible. First, assume that the third bragi@)iis small: cos > 6; sina. Then the
first and the second ones are in balar&j?e:w Bcosx, and

COSx
m > B, (40)

i.e.,k in this case is situated in a rather large sector around-i#ves.
Second, if the second bracket is small: @e% 6; sine, thenf; ~ g sina and therefore
cosx
sirfa

i.e.,k is situated in a narrow sector around thaxis in this case.

< B, (41)
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In the first case we have the following balance at the main order

.01 . ,02 Bcosa /1 1 1
2k SIN? = + 2ko Sin? == = — 4+ =z 42
18I 5 & Skasim 5 2 (kl Tk (42)
and because of
11 1 (k1 +k2/2)? + 3k5 /4 0
— R = >
ki ko ki+ke kiko(ky + k2)

solution exists only for cas > 0.
In the second case we have

. 501 . ,6  Bsina /sinf; sings
2k1 SiM? = + 2k Sirf —= =
18I 2 4 2asin 5 2 ( k1 ka >

andé1, 6, ~ B « 1. Existence of solution is independent of the sign ofusbecause there always exist a trivial
solutiond; =6, =0.

Hence, the resonant triads exist (1) in a relatively wide sector arounddixés in the right half-plane in thie-
space; (2) in two narrow segments aroundytkexis. Apart from the narrow regions around thexis, there are no
resonant triads in the left half-plane in tkespace. The resonant triads are formed by almost parallel wave-vectors.

(43)

3.4. Thethree-wave kinetic equation for equatorial IGW

The kinetic equations are, therefore, different in the regions of the phase-space where the resonant triads are
allowed and forbidden, respectively. In the first case the kinetic equation with the three-wave collision {@egral
applies. Dispersion is weak, and techniques similar to those used to factorifmeitiveave collision integral in
[14] may be applied fol (k) = k* to thethree-wave one in the case cos> Bsirfa.

To construct a transformation from one resonance surface to another ¢fjenia rewrite the delta-functions
3(k — k1 — ko) andé (wr — w1 — wp) in the basigk, k). The projections of the argument&fk — k1 — ko) onk
andk are given in(35). The argument of the frequency delta-function in the new basis is givéaa)y

Thus, in order to transform, for example, the third integrgliywe take the vectdr and consider the resonance
surfacek + g1 = g2 (to avoid confusion we use here a different notatigr for dummy integration variables). We
redirect the axes alormp and its transversqzi. In this way we get for the wavenumber delta-function

g2 =kcost1 +q1C0sk2,  O0=ksin&y + g1sinéa, (44)
whereé; is the angle betweéenandqy, & is the angle betweenp andq;. For the frequency delta-function we get

0=k +q1—qo— é(co&x N cojo + &1+ &2) B COicx—l—El)).
k 91 q2

. (45)

We take into account that the angkas andé, are small, a®1, 62 before. Using this fact we get the approximate
resonance conditions

g2 =k+qa, 0= k&1 + q182, (46)
KE2/2 22_/3005‘1(} i_i>_53ma<§1+$z_§) 47
( E1/24+q165/ ) 2 T a @ o —q1 o (47)

We assume that the third bracket is small and get the final forfh©)f

2 2 _/300305} i_i _
(ké/2+ q185/2) > <k+q1 q2>_o. (48)
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Using this approximation we will match the three resonance surfac€g oy the following transformation. It
consists of a dilatation

Aiky =k, Ak =q1, Ak = g2, (49)
and a transformation of angles
01/01 =61, 02/11 = &2. (50)
After the transformation the arguments of three respective delta-functions in the collision integral take the form
g2 — k +q1=r(k — k1 — ko), (51)
k&1 + q1€2 = A (ka1 + kab2), (52)
pcose (1 1 1 _1 P 2 pcosea (1 1 1
k22 2/2— S ) =7 k1022 + ko022 — —+=—Z) 53
§1/2+ q185/ > (k+q1 72 1| k107/2+ k205 / 5 k1+k2 A (53)

The second integral i¥) is treated in a similar way.

Hence, up to some factors, which are powersgtthe three resonant surfaceq ) are the same, c{35), (37).
The next step is a transformation of the interaction coeffidignt |2 and computation of respective Jacobians in
the integration measure. For small angles the interaction coefficient can be approximgfgd|as= g2kq1, cf.
(33). After the transformation, thus, it acquires the fao@rlt is easy to see that Jacobians give a faztoHence,
assuming an isotropic distributiovi(k) = k* we writeZ® (k) in a factorized form

cosx [ 1 1 1
IO k) = k" f |Vieo|?8 (k — k1 — k2)8 (k161 + k262)8<k1912/2+ k202/2 — p 5 (k_l + P E))

X NkNiNo(NE = NP = Ny DY (k7 — k" — k") dkydko. (54)

Herer = 25 + 5 is a sum of powers coming from (%), which give 2, (2) interaction coefficient, which gives 3,
(3) delta-functions, which give-1 4+ 0+ 1 =0, and (4) two Jacobians which give 2.
We should note that the case of almost vertical resonant triads o8 sin® « does not allow such treatment.

3.5. The four-wave kinetic equation

The four-wave collision integral may be factorized as well in the nondecay regions of the phase-space following
the method of14]. The situation here is close to the short IGW on the mid-latitydelane where a kinetic
equation and stationary spectra were obtained by the same metfidq. Ve apply the following transformation
of the wave-vectork, q1, gz, gz which form a resonant quadruple

q2 = Ak, q1 = Aka, q3 = Aky, k = Ako, i =0j/A.

This transformation, under hypothesis of a scaling solutak) o k*, engenders the following rescalings in the
integrand of the collision integral: (1) the interaction coefficiehfy2 ~ |X—i| ~ (;—_31)2 =18, (2) the f-factors:
f ~ 1%, (3) the delta-functionsi (k) ~ 11, 8(w) ~ A1, (4) the integration measure (Jacobiahy A°.

We thus get the following factorized form of the collision integral

ﬁ%m=wfuhm%w+m—b—m>

B cosux

) (klef/z — ko032 — k30%/2 — (kK kit =kt - k;1)>
X NgNiNoNg(N;H+ Np = Nyt = N DY (0 + k" — ky" — k3" ) dkadkodks

with r = 3s 4+ 11.
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3.6. Sationary solutions of the three- and four-wave kinetic equations

For the three-wave kinetic equation the following stationary solutions result: for-1 a Kolmogorov-type
spectrum arises with = —3, i.e., N = k3. The spectral energy density per uhits ¢, = wxkNy = k1. This
solution is thus valid for ensembles of short equatorial IGW propagating eastward with the propagation angle
with respect to the equator lying in the dom&#0), which can be roughly estimated fgr=1/10 as the sec-
tor —z /4, 47 /4. The second, equilibrium solution with= —1 corresponds to the equipartition of energy. The
standard dimensional arguments (&fl]) show that this solution correspond to a constant energy flux through the
spectrum.

For the four-wave kinetic equation there exist two stationary Kolmogorov-type solutiens:1 andN = k4,
andr =0 andN = k13, They would work, e.g., for westward-propagating equatorial IGW with the propa-
gation angle sufficiently far from the meridional direction (in the similar sector). The equilibrium solution again
corresponding te = —1. Again, the standard dimensional arguments show that the first solution corresponds to a
constant energy flux, while the second one corresponds to a constant wave-action flux.

An important question is that of locality of the obtained spectra, i.e., convergence of the collision integral on
the obtained solutions (cf11,17])), which is necessary to realize a Kolmogorov-type energy or wave-number
cascade (local flux) through the spectrum. By construction, only locality with respect to interactions with small
scales is meaningful within our model. Analysis of the collision integrals shows that the above-obtained solution
of the three-wave kinetic equation is local, while both solutions of the four-wave kinetic equation are not which
means that the three-wave spectrum is formed by local interactions of neighboring in the phase-space wave triads,
while the four-wave spectra are formed by interactions of the distant triads. It should be noted that due to related
divergencies in the collision integrals the nonlocal spectra are, formally speaking, not the solutions of the kinetic
equations (cf[11]). Their relevance is to be verified by direct simulations of the four-wave kinetic equation.

4. Conclusions and discussion

We established a normal form of equations describing dynamics of short equatorial waves and showed that short
equatorial IGW and short equatorial Rossby waves are dynamically split and noninteracting in the leading order.
This fact is not surprising because of the wide spectral gap between this two kinds of equatorial wavigs,lsee
Kinetics of the short equatorial Rossby waves may be considered along the same lines as that of the Rossby wave:
on the mid-latitude beta-plane, §16,17]

The kinetics of the short equatorial IGW propagateagtward is described by a three-wave kinetic equation
which admits Kolmogorov-type power-law stationary solutions of the fofk) oc k3. This results in energy
density (per unit volume in the phase-spae@) o k2 (which is equivalent t& 1 per unitk).

Short equatorial IGW propagatingestward are described by a four-wave kinetic equation which admits two
stationary Kolmogorov-type solutions? = k=4, andN = k~1¥/3 with corresponding energy densitie&) oc k3
ande (k) o k~8/3, respectively. Due to the ultraviolet nonlocality of these spectra direct simulations of the four-
wave kinetic equations are needed to check their relevance.

The east—west asymmetry of the kinetic equations is rather remarkable and is due to the fact that short east-
ward propagating IGW, in spite of their small dispersion can form resonant triads, which is impossible for their
westward propagating counterparts. Note that an asymmetry between eastward and westward IGW spectra seer
to be necessary for correct modeling of the QBO [£f, although only heuristic spectra of a specific shape were
considered in this paper).

Narrow (in k,) almost vertically propagating packets of short IGW also obey a three-wave kinetic equation.
However we were not able to factorize the collision integral and find stationary spectra in this case.

We should emphasize that anisotropy is weak for the short equatorial IGW and may be considered as a cor-
rection to the acoustic dispersion law, which explains the fact that isotropic stationary spectra arise in the leading



SB. Medvedev, V. Zeitlin / Physics Letters A 342 (2005) 217-227 227

approximation. The situation is different as compared to strongly anisotropic situation, e.g., mid-latitude Rossby
waves[17]. It should be noted that, to our knowledge, the example of short equatorial IGW is the first one where
dispersion law close to the acoustic one allows for resonant triads due to its specific anisotropy.
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