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Abstract. A large number of investiga-
tions are currently focused on low freguency
oscillations (LFO) of the tropical atmosphere,
with pericds of one to two months. Recently,
the existence of LFO in the stratosphere has
been postulated by global circulation model
results and also by cbservations based on
satellite microwave and infrared data. However,
the observational results are not well captured
by the model calculations. The present work
utilizes an independent set of satellite data
(four years of data from the Total Ozone Mapping
Spectrometer (TOMS), between latitudes 65N and
655) as a check on the previous observational
analyses. Evidence is found for the existence
of 35-50 day oscillations in the TOMS data over
the Southeast Pacific and South Indian Oceans,
corroborating the earlier odbservational report.

Introduction and Motivation

Since Madden and Julian reported a 40-50 day
low frequency oscillation (LFO) in the tropical
sea-level pressure fields and zonal winds [Madden
and Julian, 1971, 1972], many studies have been
undertaken to ascertain the presence of LFO in a
variety of atmospheric parameters [Krishnamurti
and Gadgil, 1985, Gao and Stanford, 1987, and
references therein]l. The energy source of the
oscillations are thought to be latent heat re-
lease in large-scale tropical convection. The
propagation both horizontally and vertically of
the resulting perturbations is less well under-
stood. Modelers are currently attempting to
reproduce the effect in general circulation
models. One recent result [Salby and Garcia,
1987 and Garcia and Salby, 1987] yields low
frequency fluctuations similar to those ob-
served in thé troposphere. Furthermore, their
model also predicts propagation of LFO energy
into the stratosphere. However, the first
reported cobservations of LFO in the strato-
sphere [Gao and Stanford, 1987] are not well
captured by the model results.

The present paper utilizes an independent
data set to provide corroboration of the re-
ported cbservational results. We investigate
the presence of 35-50 day LFO in global grids
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of satellite-derived total ozone measurements.
Because Chandra [1986] has suggested that long
period oscillations occur in the 0.3 kPa temper-
ature and ozone fields, and because of the known
correlation between fluctuations in temperature
and total ozone [Schoeberl and Krueger, 1983], it
is reasonable to ask whether total ozone fields
also exhibit oscilldtions with periods on the
order of 35-50 days.

It is feasible to utilize TOMS data in a study
investigating LFO since: 1) In the extratropical
regions, the concentration of atmospheric ozone
peaks between the pressure levels of 7 kPa and 3
kPa (altitudes of 18 to 24 km). Hence, TOMS
measurements are representative of an average
ozane value between the pressure levels of 10 and
1 kPa, just as measurements from the Microwave

Unit Channel 4 (MSU4) aboard the TIROS-N
and NOAA satellites represent the average
brightness temperature between the pressure
levels of 15 and 3 kPa [Pick and Brownscombe,
1981]. Because of this overlap between the
region of MSU4 average brightness temperature ard
the region of maximum ozone concentration,
because of the correlation between perturbations
in temperature and total ozone, and because of
the presence of 40-50 day oscillations in MSU4
brightness temperatures reported by Gao and
Stanford [1987], TOMS measurements can be
anticipated to contain evidence of IFO in the 35-
50 day range. 2) In the region of maximmm ozone
concentration the ozone replacement time is on
the order of 5 months to over 10 years, depending
on latitude [Holton, 1979], and this area is
below the region of photo-chemical formation of
ozone in the upper stratosphere. Hence, in the
lower stratosphere, ozone may be considered a
passive tracer [Schoeberl and Krueger, 19831].

We present here the first evidence for 35-50
day LFO in daily total ozZone measurements co-
::allar}g)i from the Total Ozone Mappihg Spectrometer

Data and Analysis Technique

Total ozone is the integrated amount of ozone
along a vertical column throuwgh the atmosphere.
The TOMS instrument aboard the NIMBUS 7 satellite
provides daily gridded global total ozine
measurements with high spatial resolution [Huang
and Lee, 1983]. A lower resolution data set is
used in this work and is constructed fram these
high resolution data by averaging the ozone meas-
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Table 1. Areas of Significant Power in TOMS Data

Location Period band
40S-455, 20E-~40E 41-50 days
455-50S8, 20E-40E
(S Indian Ocean)
20S-355, 125W-95W 37.5~-44 days

(SE Pacific Ocean)

urements onto a regular 5° latitude by 5° longi-
tude grid cell [Bowman and Krueger, 1985].
Recently, a new retrieval algorithm was intro-
duced in th& processing of the raw TOMS data.
To make the total ozone values used in this work
consistent with the reprocessed TOMS measure-
ments, the average values for the grid cells are
corrected with the prescription of Fleig et al.
[1986]. This 5° by 5° averaged and
corrected daily ozone grid covers the region
between 65N and 65S. The areas north of 65N and
south of 65S were excluded from this investi-
gation because a continuous data set is not
available (measurements in these regions ate
orly available during the local summer months).
For each grid point, a 1464 day time séries is
constructed for the time period 1 April 1979 to 3
April 1983. Choosing a time series of exactly
four years avoids direct leakage of the strong
annual and semi-annual power during spectral
analysis. Missing data points are linearly
interpolated and, for computational efficiency,
3-day non-overlapping means are used to reduce
the data set to 488 points. For this time span,
less than 4% of the data are interpolated. The
averages of the 488 point time series are removed
and these zero mean data sets are spectrally
analyzed using a Fast Fourier Transform method.
At each grid point, the periodogram is calcu-
lated by

Py = (G2 + 8.2)/(2aF) (1)

where G, and S, are the cosine and sine coef-
ficients of the Fourier transformed time series,
respectively, n 1:‘.s the frequency index, and
AF=(1464 days)~'. Because of the weak

signal in the power spectrum near the equator,
grid points within 15 degrees of the equator are
suspect and are excluded in this analysis. The
periodograms are analyzed using a five point run-
ning mean, which results in a power spectrum
density estimate with ten degrees of freedom.

In determining whether a LFO day signal is
present in an averaged power spectral density we
use a priori statistics if the oscillation has
been previously reported for that region; if no
LFO has been reported for a region, a posteriori
statistics are used in determining the signifi-
cance of a signal [Madden and Julian, 1971]. To
ensure there is less than one chance in twenty of
a spectra]l peak being caused by sampling vari-
ations, a confidence level of 99.9% is required
for the a posteriori case in these analyses. For
spectral and geographical regions in which LFO
have been previously reported, an a priori confi-
dence level of 95% is used.

Results and Discussion

The regions found in TOMS data exhibiting
oscillation periods of 35-50 days are listed in
Table 1 and the power spectral densities for
these regions are shown in Figure 1.

The Southeast Pacific region overlaps with an
area for which a 40-50 day cscillation in MSU4
brightness temperature is reported by Gao and
Stanford [1987]. The power spectral density for
the SE Pacific region (upper curve in Figure 1)
shows a prominent signal with periods of 37.5-44
days and this signal passes an a priori statis-
tical test with & confidence level of greater
than 95%. The signal in this frequency band is
significant since a 40-50 day LFO has been re-
ported in this region and a priori statistics are
used.

The Southern Indlian Ocean region is near an
area in which Gao and Stanford [1987] report a
40-50 day oscillation in brightness temperature
measurements from channels 1 and 2 of the Strato-
spheric Sounding Unit (SSU1 and SSU2). The
Southern Indian Ocean power spectral density
(lower curve in Figure 1) shows prominent signals
with periods of 41-50 days and 30-34 days. Since
a LFO with a period of 40-50 days has been
reported over this region, the 41-50 day signal
in the TOMS data need only pass an a priori
statistical test with a confidence level of 95%.
In fact, the 41-50 day signal in the TOMS data is
significant at the 99.5% level, thus rigorously
passing the statistical criterion. However, the
30-34 day signal in the TOMS data needs to satis-
fy a posteriori statistics, since no 30-35 day
oscillation has been reported in this region.
This signal is not significant at the 99.9% con-
fidence level, so from these analyses it cannot
be concluded that there is a statistically sig-
nificant signal in the TOMS data for this region
in the 30-34 day band.

For geographical regions other than those
previously reported, statistical significance may
be tested if the number of degrees of freedom in
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Fig. 1. Confidence levels and power spectral
density for the Southeast Pacific and South
Indian Oceans rfgions in units of

(Dobson Units)“/(1464 days)™ .
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the grid is estimated [Livezey & Chen, 1983].

No statistically significant signals are observed
in the TOMS analyses for geographical locations
other than those listed in Table 1.

Conclusions

The TOMS data between 1 April 1979 and 3 April
1983 are found to contain regions in the
Southeast Pacific and South Indian Oceans that
exhibit low frequency oscillations in the 35-50
day period range. Because of the strong 40-50
day signal found in the TOMS data over the South
Indian Ocean, this analysis provides independent
evidence for the existence of a 40-50 day LFO
over this region, which was first reported by Gao
and Stanford [1987] in satellite infrared
Stratospheric Sounding Unit SSU1 and SSU2 bright-
ness temperature measurements.
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