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Abstract :

In order tou delermine nonlinear energy exchanges into
individual triad interactivns in the frequency domain, spectral
formulas are derived by use of the corss-spectral technique.
Nonlinear product terms are calculated using the conventional
interaction Fourier coefficients. The proposed method of
computation can be applied to the pruoblem of maintenance and
predictability of low frequency modes. Nonlinear aliasing errors
associated with this approach <can be <e¢ither neglected or

completely eliminated by Fouurier interpolation.
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1.Introduction .
Obsrvations have shown Gthe presence of low frequency
motions on the time scale of roughly 30 to 50 days. There arc

several regional and global aspects of these oscillations that

have been emphasized 1in recent literature. Among these oOne
observational aspect relevant to this problem is the energy
eXxchange in the frequency domain. The maintenance of low frequency
modes has to be addressed via detailed computations of energetics
in the frequency domain using daily analysed data sets over global
tropics covering many years. These studies are somewhat analogous
to the estimates of energetics in the zonal wavenumber domain. In
the frequency domain; the kinetic to kinetic energy exchanges can
occur among long term time mean flows and other frequencies, or
among triads of frequencies.

Following Krishnamurti (1978) synoptic interpretation of
kinetic energy transfer due to wave-wave interaction is possible
if observations are carefully composited around episodes of large
energy exchanges. In order to show this one of the triads of the
long wave to medium wave interaction <i KL' KM'j> has been
selected. An inspection of the daily record of triad interactions

show that the triad 1,3,0 is one of the major contributions to the



wave-wave exchange <:KL. KM>which is positive, and thus provides
a net transfer of kinetic energy from long to medium waves. The
results here are integrals over the latitude belt 10°s to 20°N.
Those dates for which 1,3,4 shows pronounced negative values
have been selected from the graph. These are dates when a large
loss of kinetic energy was encountered by wavenumber one when it
interacted with wavenumbers 3 and 4. It was felt that a composite
streamline geometry of the maps during these episodes of intense
energy transfer would illustrate the mechanism of wave-wave energy
exchange. The map of wavenumber 1 is illustrated in Fig.l. It
shows the well-known southwest to northeast tilt of long waves.
Two regions of strong velocity, essentially zonal, located around
40°E, 10°N and 140°W, 10°N are important features in the present
context. Fig.2 portrays the streamline for zonal wavenumbers 3
plus 4 composited for the same dates. A comparison of the two
diagrams shows that the tilt of shorter waves (shown by dashed
line) removes westerly momentum from the westerly jet over this
region of wavenumber 1. In the region of strong easterliels
(between 10°W and 70°W at IOON) for wavenumber 1, the tilt of
shorter waves (southeast to northwest) results in a removal of
easterly momentum away from the easterly wind maximum. Thus, the
wave-wave exchange has a local interpretation. Similar
interpretation of kinetic to kinetic energy exchanges among triad

of frequencies will have significant bearing on the maintenance of

low frequency waves.

Sheng and Hayashi (1990a, 1990b) studied the energetics in
the frequency domain using two versions of the FGGE III b data
set, processed at GFDL and ECMWF. They also applied the analysis
of spectral energetics in the frequency domain to several observed
datasets and those simulated by a GFDL general circulation model.
Their results showed that in the tropics the kinetic energy is
transferred from transients of longer time scales to those of
shorter time scales. But over the northern hemisphere the
direction of transfer of energy is from high frequency to low
frequency wave. Yasunari (1980, 1981) emphasized the relationship
between the low frequency oscillations and the Northern Hemisphere
Summer monsoon. The results of energetics calculations, performed

by Sheng (1986) show that the low frequency modes on the time



scale of 30 to 50 days receive a substantial amount of kinetic

energy from the high frequencies.

The computation of energy exchanges in the frequency domain
carried out by | Krishnamurti et al (1990) for the control and
the anomaly experiments in their study of predictability of low
frequency modes showed the energy exchange from the higher to the

lower frequencies is very small.

All the earlier sfudies did not determine nonlinear energy
exchanges into individual triad interaction in the frequency
deaiﬁ. 1t is of <considerable interest to have synoptic
interpretation of wave-wave exchanges of kinetic energy in the
frequency domain and to identify the dominant triad interactions
responsible for maintenance of low frequency mode over global
tropical belt. For this purpose spectral formulation of this
problem derived by wuse of the cross-spectral technique is

presented in this study.
2.Formulation.

a.Wavenumber cross spectra.

It is assumed that space-time series data u( A ,t) and
v( A ,t) are cyclic and discrete in longitude. These series are

represented by a Space-Fourier series with discrete wavenumbers

(n) as

N
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In particdlar cY = u (zonal mean) an g% = .

The sample wavenumber cospectra Pn(u,v) is defined as
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Pn (u,v) = 1 (Cn Cn + Sn Sn_ ) (2)

b.Kinetic energy spectra.

The equations of metion and continuity in spherical



pressure coordinate system in flux form as
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Kinetic energy per unit mass K(n) for frequency n is deiined by

K(n) = % [Pn(u,u)+Pn(v,v)] (5)

where Pn is the frequency cospectrum.

Taking a cospectrum operation between u

and both sides of
Eq.(i) yields
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Following Hayashi (1980), the spectral Kinetic energy equation can
be obtained by adding (&) and ().
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By definition of <cross spectra, we can derive the
relationship

following
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In deriving

(8) we have
and the hydrostatic

used the

continuity equation
equation (3).

(4)

The final form of the kinetic
energy equation in the frequenéy domain is written as
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Following Hayashi (1980) and Sheng (1986) the nonlinear
kinetic energy transfer spectrum <K.K(n) is written as
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and Pem) = = P, U, Fu ) — Py (1-9‘, Fu)
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A(n).K(N) = -Pn(W,X) which denotes the baroclinic conversion
frem APE to KE at frequency n. Aeccording te Fjortoft (1953) a
transfer of kinetic energy from or into a frequency n occurs when
the frequencies of oscillations a,b and ¢ are respectively n, (n+

m) and m as related by n = (ntm) 3 m.

It is important to point out at this stage that Eg.(9)

corresponds to othe time change of amplitude of periodic
oscillation with frequency n. Therefore, according to Hayashi
(1982), it indeed represents the generation, maintenance and

dissipation of spectral energy.

Following Hayashi (1980), the nonlinear energy transfer spectra

<{K.K(n{>can be further partitioned into two parts as

LK.K(n)> =(L(n)) + {K(0).K(n) >

Here ¢<L(n)>> is the transfer of kinetic energy into frequencies
excluding 0 (time mean), while <:K(0).K(n):> is the transfer of
energy into frequency n by intcraction between the mean flow and

frequency n.
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The interaction between the time-mean and the time transient

motions is given by

<K(0).K(n)>= {k.k(n)y - LL(n)>

Where the prime denotes deviation from time mean for frequency

spectra.



C. Explicit expressions io have triad interaction in the frequency

domain.

The theory of harmonie analysis shows that if Xl,
XZ"""XS"""Xr are equi-spaced values of any observed

parameter X = f(t) at the time epochs tl,tz,...,.ts,...,tr, the

data series can be exactly represented by a finitée series of n
hbarmonics f(t_ ) = L(XOC?‘ C%'ﬂ—‘c") + X0 Sn» an“tf'b)
5
m

Where ts=7_:.T_;‘—/3 A (8 = 1258 Jwsiebnnog®)
and n = 3(r-1) or r/2 depending upon r is odd or even. The
expressions for the llourier coefficients are
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3. Concluding Remarks :

In the present study spectral formulas are derived by use
of the cross-spectral technique to <compute nonlinear energy
exchanges into individual +triad interactions in the frequency
domain. Nonlinear product terms are formulated wusing the

interaction Fourier coefficients. A glance at (C) reveals that
L(n) is composed of many contributions due to disfturbances with
frequencies r and s, where r and s satisfy either of the condition

r+s = n or ]r—s| = n. Thus L (n) can be expressed as

Li{n) = ZLN (n,r,s)

LN (n,r,s) denotes a contribution to the net L(n) due to
the specified combination of frequencies r and s. It is proposed
to investigate the energetics in the frequency domain by using the

technique in the following areas

(12) Synoptic interpretation of wave-wave exchanges of kinetic
energy in the frequency domain and identification of the dominant

triad interactions responsible for maintenance of low frequency

mode over global tropics.

(2) Nonlinear triad interactions with emphasis on the contrast

between the extra—-tropics and the tropics.

(:3) Interseasonal wvariability of nonlinear triad interactions

over tropics.

The role ofthe time-mean flow on low frequency transients
for kinetic energy transfer which is an important aspect of the
atmospheric energy cycle in the frequency domain cannot be studied

from the present formulations.
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Figure 2.. As Fig. 1 , for zonzal waenumbers 3 and 4.
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