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[1] The spatiotemporal evolution of the zonal wind in the
stratosphere is analyzed based on the use of the NCEP
reanalysis (1958 –2001). MultiTaper Method-Singular Value
Decomposition (MTM-SVD), a frequency-domain analysis
method, is applied to isolate significant spatially-coherent
variability with narrowband oscillatory character. A
quasibiennial oscillation is detected as the most intense
coherent signal in the stratosphere, the signal being less
intense in the lower levels. There is a clear downward
propagation of the signal with time at low latitudes, not
evident at mid and high latitudes. There are differences in the
behavior of the signal over both hemispheres, being much
weaker over the SH. In the NH an anomaly in the zonal wind
field, in phase with the equatorial signal, is detected at
approximately 60°N. Two different areas at subtropical
latitudes are detected to be characterized by wind anomalies
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1. Introduction
[2] The stratospheric quasibiennial oscillation (QBO)
was first documented by Reed et al. [1961] and Veryard
and Ebdon [1961]. The QBO is defined as a roughly
gaussian oscillation, symmetric about the equator and with
a 12° half width, in the direction of the stratospheric zonal
flow. The period of the oscillation varies from 20 to 36
months from cycle to cycle, and a mean value of 28 months
has been observed during the second half of the 20th
century [Maruyama, 1997].
[3] The QBO signal propagates downward through the
whole equatorial stratosphere, with new phases initiated in
the upper stratosphere (2 hPa) [Hamilton, 1998; Baldwin
et al., 2001].
[4] Some extratropical links have been found closely
related to this oscillation. The location and intensity of the
polar vortex in both hemispheres, and thus, the temperature
of the polar stratosphere, are influenced by the phase and
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intensity of the QBO [Holton and Tan, 1980; Baldwin and
Dunkerton, 1998, 2001; Gray et al., 2001; Naito, 2002;
Thompson et al., 2002].
[5] On the other hand, variations in the stratospheric
conditions may have indirect effects in the troposphere. It
is mostly accepted that the intensity of the polar vortex has
an indirect effect over the extratropical circulation in the
troposphere, favoring changes in the values of the North
Atlantic Oscillation/Arctic Oscillation (NAO/AO) index,
and thus, affecting temperature and precipitation over
extensive areas [Baldwin and Dunkerton, 1999; Coughlin
and Tung, 2001; Thompson et al., 2002].
[6] Finally, some authors have pointed out the possibility
of the QBO influencing the intensity of the monsoons and
depression systems in the tropical areas, where both the
Asian and the Australian monsoons are characterized by a
period of approximately two years [Balachandran and
Guhathakurta, 1999; Indeje and Semazzi, 2000; Munot
and Kothawale, 2000; Chattopadhyay and Bhatla, 2002].
[7] In this paper, the MTM-SVD methodology [Mann
and Park, 1999] has been used to isolate spatially-coherent
patterns of narrowband variability that are present in stratospheric zonal wind climate fields simultaneously during the
latter half of the 20th century. QBO has been detected as the
only clear source of oscillatory variability on interannual
timescales, and its temperature signal at different height
levels has also been analyzed using the same methodology
as in Ribera and Mann [2002, 2003].

2. Data and Methods
[8] The MTM-SVD technique is applied to the zonal
wind anomaly datasets at different pressure levels to isolate
statistically significant narrowband oscillations. Each grid
point time series is first Fourier transformed using the MTM
approach with three orthogonal tapers. The three independent spectral estimates Y(f) computed for each of the M
time series (M being the number of observatories) are
organized in a M x 3 matrix A(f) for which a singular value
decomposition is performed at each frequency f. The left
and right singular vectors so obtained are used to reconstruct the temporal (LFV spectrum) and spatial patterns of
the signal associated with a given frequency.
[9] The LFV spectrum is used to identify the significant
oscillatory bands. It must be read as a classic Fourier
spectrum, though it represents the joint spectrum of every
observatory included in the dataset. When the significant
frequencies are detected, MTM-SVD is able to reconstruct
the evolution of the spatial pattern associated to those
frequencies through a complete cycle. For further details
see Mann and Park [1999].
[10] In this study, 1958 to 2001 monthly data of zonal
wind and temperature in multiple stratospheric levels (200,
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Figure 1. LFV spectrum of the 10, 20, 30, 50, 70, 100,
150 and 200 hPa global zonal wind datasets. Contours
represent 50%, 95% and 99% significance levels. Black
contour represent highest LFV values.

150, 100, 70, 50, 30, 20 and 10 hPa) from the NCEPNCAR reanalysis have been used [Kalnay et al., 1996;
Kistler et al., 2001]. The spatial resolution of the data is 5°
latitude by 5° longitude, covering the whole globe (90°N
and 90°S not included). Monthly gridpoint data were
deseasonalized, converted into standardized anomalies,
and then weighted by a gridpoint areal extent factor (cosine
of latitude).
[11] For every level, the zonal wind dataset was independently analyzed and then, the one with the most intense
QBO signal (30 hPa) was used to project the signal in every
other level and variable. The expression of that signal was
determined through projection of the 30 hPa signal on to all
other data fields, since it resulted the level with the highest
QBO signal. This latter step was accomplished through the
use of highly reduced (factor of 0.001) gridpoint weighting
factors in the analysis of the second data field, while zonal
wind data at 30 hPa is not downweighted by this factor [see
Mann and Park, 1999; Ribera and Mann, 2002, 2003 for
details]. The simultaneous analysis of the behavior of zonal
wind and temperature at these levels provides the opportunity to follow the horizontal and vertical evolution of the
detected climate signals.

by Baldwin and Tung [1994]. It also detected additional
bands centered at 15, 12 and 10 months.
[13] Seven evolutive LFV spectra (not shown) were
obtained based on performing the MTM-SVD analysis in
a moving 20 year window of the zonal wind field at every
pressure level [Mann and Park, 1999]. These spectra
confirm a robust quasibiennial oscillation throughout the
whole analyzed period in every level but 100 and 200 hPa.
No other signal is detected as consistent during the whole
analyzed period.
[14] Figure 2 includes the 28 months evolution of the
vertical profiles of mean values of five zonal belts centered
over the equator, and 30 and 60 degrees latitude bands in
both hemispheres. They were obtained based on the spatial
reconstruction and projections of the evolution of the QBO
(28 months oscillation) at different pressure levels.
[15] The equatorial band (Figure 2C) is characterized by a
downward propagation of the signal from 10 hPa to 70/100
hPa. For month 0, the most intense westerlies are located at
30 hPa, but 6 months later it is at 50 hPa while very intense
easterlies are observed at 10 hPa. During the next 14
months, the easterly flux propagates downward and at the
end of this period, a new westerly flux begins at 10 hPa.

3. Analysis
[12] Eight independent LFV spectrums of the zonal wind
fields have been performed, one for every pressure level
(Figure 1). In high levels (10 to 70 hPa) a broad band of
statistically significant variability with periods ranging from
two to three years (from f = 0.33 to f = 0.45 cycle-per-year)
is evident, coinciding with the mean period described by
previous studies as the most characteristic for QBO during
the second half of the 20th century [Maruyama, 1997;
Huesmann and Hitchman, 2001; Hamilton and Hsieh,
2002], while in low levels (100 to 200 hPa), no significant
period is found in this band. The most intense QBO signal is
detected in the 30 hPa level (not shown). An extended
spectral analysis of the 30 hPa u-wind data, including
shorter periods, showed the existence of additional oscillatory bands centered in 20 and 8 months, like those described

Figure 2. Evolution through a whole 28.6 months
oscillation of the vertical profile from 200 to 10 hPa of
the zonally averaged u-wind anomalies centered over: (A)
60°North (65° –55°N); (B) 30° North (35° – 25°N); (C) the
equator (5°N–5°S); (D) 30° South (25°– 35°S) and (E) 60°
South (55°– 65°S). Discontinous lines represent the zero
wind anomaly line. Anomalies expressed in m/s.
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Figure 3. Spatial reconstruction of the 28.6 months QBO for zonal wind and temperature in the 30 hPa pressure level
from westerly to pre-easterly phases. Wind anomalies in m/s, and temperature anomalies in Celsius (u = 0 m/s represented
by the dotted line).

This result is consistent with previous analysis of the QBO
propagation in the tropical areas [Naujokat, 1986; Hamilton,
1998; Gray et al., 2001; Baldwin et al., 2001].
[16] Zonal mean of zonal wind anomalies associated with
the QBO phases for high latitudes are characterized by the
same sign for the whole vertical structure of the analysed
fields (Figure 2, 60° latitude bands). This seems to confirm
a direct influence of the QBO over the stratospheric polar
vortex in both hemispheres, with a more intense signal in
the NH [Baldwin and Dunkerton, 1998, 1999, 2001; Naito,
2002; Thompson et al., 2002], which will be later confirmed
with the analysis of the evolution of the 30 hPa temperature
field (Figure 3).
[17] Finally, the analysis of the subtropical areas shows a
situation between that observed over the Equator and over
subpolar latitudes. In the NH the signal seems to propagate
downward with time, but about 5 months out of phase with
the equatorial signal, and with much less intense anomalies.
In the SH, the subtropical signal resembles more that of the
subpolar areas, with a vertical transmission of the signal
more intense than that observed at higher latitudes.
[18] Detailed spatial maps of the evolution of the QBO
signal at 30 hPa are shown in Figure 3. The reconstruction
follows the evolution of the signal through one half cycle in
45° phase increments, from westerly QBO phase (i.e.,
maximum intensity of the zonal flow from the west over
the Equator), defined as phase 0°, to pre-easterly QBO
phase (135°) conditions. Anomalies at 180° phase would be,
by construction, opposite to those observed at 0° phase. The

most intense zonal wind anomaly over the equator is
detected at 0° phase, with a deceleration of the westerly
flow over this area evident in the 45° phase, and a change in
the sign of the flow in the 90° phase. An easterly flow
intensifies during the 135° phase.
[19] The analysis of the evolution of the extratropical
situation shows an intensification of the magnitude of the
NH stratospheric jet during the westerly phase of the QBO
(Figure 3). This intensification starts about 4 months before
the maximum westerly QBO phase and is broken less than 4
months after it. In lower latitudes, less intense signals with
opposite sign are detected over southern Asia and southern
USA. The first band is most probably associated to the link
between the QBO and synoptic situations over the north
Indian oceans and the South Asian monsoons described by
Balachandran and Guhathakurta [1999], Munot and
Kothawale [2000] and Chattopadhyay and Bhatla [2002];
while the second band is not referenced but may have
similar effects over the area of the Gulf of Mexico.
[20] On the other hand, during the QBO westerly phase,
when in-phase temperature is analyzed, colder than normal
conditions are observed over both polar regions, though
more intense in the NH (Figure 3), as expected from
previous studies [Salby and Callaghan, 2000; Baldwin
and Dunkerton, 2001]. The equatorial area is dominated
by slightly warmer than normal conditions and so are midlatitude NH areas over Asia and the Pacific. Figure 3-B
exhibits a broad warm region in the NH mid latitudes,
which can be interpreted as an amplification of the Aleutian
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High by invoking the planetary wave amplification mechanism [Harvey and Hitchman, 1996]. In the SH the area over
the Pacific Ocean is mostly covered by slightly negative
temperature anomalies, while the rest of the mid latitudes
remain close to their mean temperature.
[21] The evolution of the temperature field shows a very
intense trend for warmer than normal temperatures to cover
the whole extratropical latitudes in the transition from
westerly to easterly phase of the QBO (0° to 180°), while
the equatorial area becomes colder. A heat transport from
the equator to the poles occurs during the transition from
QBO westerly to easterly phase, leading to warmer low
latitudes and colder high latitudes. It ends in the transition
from easterly to westerly phase. A similar evolution is found
for the 10, 20 and 50 hPa levels, the signal starting its
propagation at the higher levels (not shown).

4. Conclusions
[22] In this paper we have shown how the application of
the MTM-SVD method can be used to characterize the
evolution of the QBO signal through its projection in a
multi-level and multi-variable dataset.
[23] Our results confirm some features obtained by previous studies, as the downward vertical propagation with
time of the QBO signal in the zonal wind over the equatorial
area, its influence over the stratospheric jet and thus, over
the polar temperature anomalies.
[24] Some additional features have been evidenced. The
intensity of the anomalies of both temperature and zonal
wind is higher in the northern than in the southern hemisphere. The vertical propagation of zonal wind anomalies in
the extratropical areas has been characterized, showing an
asymmetric behavior between both hemispheres. In the NH,
they are similar to the equatorial pattern, while in the SH,
they resemble the situation in higher latitudes. Finally, the
analysis suggests a mean meridional heat propagation
(dissipation) from the westerly (easterly) to the easterly
(westerly) phases of the QBO.

References
Balachandran, S., and P. Guhathakurta, On the Influence of QBO Over
North Indian Ocean Storm and Depression Tracks, Meteorology and
Atmospheric Physics, 70, 111 – 118, 1999.
Baldwin, M. P., and K. K. Tung, Extra-Tropical QBO Signals in AngularMomentum and Wave Forcing, Geophys. Res. Lett., 21, 2717 – 2720,
1994.
Baldwin, M. P., and T. J. Dunkerton, Quasi-biennial modulation of the
southern hemisphere stratospheric polar vortex, Geophys. Res. Lett., 25,
3343 – 3346, 1998.
Baldwin, M. P., and T. J. Dunkerton, Downward propagation of the Arctic
Oscillation from the stratosphere to the troposphere, J. Geophys. Res.,
104, 30,937 – 30,946, 1999.
Baldwin, M. P., and T. J. Dunkerton, Stratospheric harbingers of anomalous
weather regimes, Science, 244, 581 – 584, 2001.
Baldwin, M. P., L. J. Gray, T. J. Dunkerton, K. Hamilton, P. H. Haynes,
W. J. Randel, J. R. Holton, M. J. Alexander, I. Hirota, T. Horinouchi, D. B.
A. Jones, J. S. Kinnersley, C. Marquardt, K. Sato, and M. Takahashi, The
Quasi-Biennial Oscillation, Reviews of Geophysics, 39, 179 – 229, 2001.
Chattopadhyay, J., and R. Bhatla, Possible Influence of Qbo on Teleconnections Relating Indian Summer Monsoon Rainfall and Sea-Surface

Temperature Anomalies Across the Equatorial Pacific, Int. J. Climatol.,
22, 121 – 127, 2002.
Coughlin, K., and K. K. Tung, QBO Signal Found at the Extratropical
Surface Through Northern Annular Modes, Geophys. Res. Lett., 28,
4563 – 4566, 2001.
Gray, L. J., S. J. Phipps, T. J. Dunkerton, M. P. Baldwin, E. F. Drysdale, and
M. R. Allen, A Data Study of the Influence of the Equatorial Upper
Stratosphere on Northern-Hemisphere Stratospheric Sudden Warmings,
Quarterly Journal of the Royal Meteorological Society, 127, 1985 – 2003,
2001.
Hamilton, K., Dynamics of the Tropical Middle Atmosphere: a Tutorial
Review, Atmosphere Ocean, 36, 319 – 354, 1998.
Hamilton, K., and W. W. Hsieh, Representation of the Quasi-Biennial
Oscillation in the Tropical Stratospheric Wind by Nonlinear Principal
Component Analysis, J. Geophys. Res. Atmospheres, 107(D15),
doi:10.1029/2001JD001250, 2002.
Harvey, V. L., and M. H. Hitchman, A Climatology of the Aleutian High,
J. Atmos. Sci., 53(14), 2088 – 2101, 1996.
Holton, J. R., and H. C. Tan, Influence of the Equatorial Quasi-Biennial
Oscillation on the Global Circulation at 50 Mb, J. Atmos. Sci., 37(10),
2200 – 2208, 1980.
Huesmann, A. S., and M. H. Hitchman, The Stratospheric Quasi-Biennial
Oscillation in the Ncep Reanalyses: Climatological Structures, J. Geophys. Res. Atmospheres, 106, 11,859 – 11,874, 2001.
Indeje, M., and F. H. M. Semazzi, Relationships Between Qbo in the Lower
Equatorial Stratospheric Zonal Winds and East African Seasonal Rainfall,
Meteorology and Atmospheric Physics, 73, 227 – 244, 2000.
Kalnay, E., et al., The NCEP/NCAR 40-year reanalysis project, Bull. Amer.
Meteor. Soc., 77, 437 – 471, 1996.
Kistler, R., et al., The NCEP-NCAR 50-Year Reanalysis: Monthly Means
Cd-Rom and Documentation, Bull. Amer. Meteor. Soc., 82, 247 – 267,
2001.
Mann, M. E., and J. Park, Oscillatory Spatiotemporal Signal Detection in
Climate Studies: A Multiple-Taper Spectral Domain Approach, Advances
in Geophysics, 41, 1 – 131, 1999.
Maruyama, T., The quasi-biennial oscillation (QBO) and equatorial waves-a
historical review, Papers in Meteorology and Geophysics, 48, 1 – 17,
1997.
Munot, A. A., and D. R. Kothawale, Intra-Seasonal, Inter-Annual and
Decadal Scale Variability in Summer Monsoon Rainfall Over India,
Int. J. Climatol., 20, 1387 – 1400, 2000.
Naito, Y., Planetary Wave Diagnostics on the QBO Effects on the Deceleration of the Polar-Night Jet in the Southern Hemisphere, J. Met. Soc. of
Japan, 80, 985 – 995, 2002.
Naujokat, B., An update of the observed quasi-biennial oscillation of the
stratospheric winds over the tropics, J. Atmos. Sci., 43, 1873 – 1877,
1986.
Reed, R. J., W. J. Campbell, L. A. Rasmussen, and D. G. Rogers, Evidence
of downward-propagating annual wind reversal in the equatorial stratosphere, J. Geophys. Res., 66, 813 – 818, 1961.
Ribera, P., and M. E. Mann, Interannual variability in the NCEP Reanalysis
1948 – 1999, Geophys. Res. Lett., 29, doi:10.1029/2001GL013905, 2002.
Ribera, P., and M. E. Mann, ENSO related variability in the Southern
Hemisphere, 1948 – 2000, Geophys. Res. Lett., 30, doi:10.1029/
2002GL015818, 2003.
Salby, M., and P. Callaghan, Connection Between the Solar Cycle and the
QBO: the Missing Link, J. Climate, 13, 2652 – 2662, 2000.
Thompson, D. W. J., M. P. Baldwin, and J. M. Wallace, Stratospheric
Connection to Northern Hemisphere Wintertime Weather: Implications
for Prediction, J. Climate, 15, 1421 – 1428, 2002.
Veryard, R. G., and R. A. Ebdon, Fluctuations in tropical stratosphere
winds, Meteorol. Mag., 90, 125 – 143, 1961.

D. Gallego, C. Peña-Ortiz, and P. Ribera, Depto. CC. Ambientales, Univ.
Pablo de Olavide, Carretera de Utrera, km 1, Sevilla 41013, Spain.
(pribrod@dex.upo.es)
L. Gimeno, Dept. Fisica Aplicada, Campus As Lagoas-Ourense. Univ.
Vigo, Ourense 32004, Spain. (l.gimeno@uvigo.es)
N. Calvo, R. Garcia-Herrera, and E. Hernandez, Dept. Fisica de la Tierra
II, Fac. CC. Fisicas. Univ. Complutense de Madrid, Madrid 28040, Spain.
(rgarcia@6000aire.fis.ucm.es)

