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1.  INTRODUCTION 
 
 Quasi-monochromatic oscillations with 
periods near the inertial period have been found 
in a wide variety of measurements in the lower 
stratosphere.  Vertical profiles of wind and/or 
temperature from radiosondes have a long 
history of use for such studies (e.g., Madden 
and Zipser, 1970; Thompson, 1978; Vincent and 
Alexander, 2000; Sato, et al., 2003; Tsuda, et 
al., 2004; Zhang and Yi, 2005, among many 
others) and are sometimes used over broad 
areas (e.g., Wang, et al., 2005).  Constant 
density balloon trajectories in the lower 
stratosphere also have shown persistent near-
inertial wave patterns (Hertzog, et al., 2002).  
The advent of wind profiler radars has made it 
possible to examine both the vertical and 
temporal structure of such oscillations with high 
resolution (e.g., Sato and Woodman, 1982; 
Cornish and Larsen, 1989; Sato, 1989, 1994; 
Riggin, et al., 1995; Sato, et al., 1999; 
Serfinovich, et al., 2005).  However, as noted by 
Fritts and Alexander (2003), radar studies 
except at the MU radar in Japan have been 
limited to short-term campaigns.  For example, 
Nastrom and Eaton (2003) recently noted the 
presence of a strong oscillation in a week of 
wind observations from Vandenberg Air Force 
Base, California (VBG).  The purpose of this 
study is to use the entire set of observations 
available from the 50 MHz wind profiler (MST) 
radars at VBG and at White Sands Missile 
Range, New Mexico (WSMR), to examine the 
frequency of occurrence of near-inertial period 
quasi-monochromatic wind oscillations.  
 
2.  RESULTS 
 
 Wind observations from WSMR are 
available from 1991-1996 (Hansen, et al., 2001).  
The radar was relocated to VBG where 
observations are available for 2001-April 2004. 
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 In the example shown by Nastrom and 
Eaton (2003), the oscillation has a vertical 
wavelength of a few km, a period near the 
inertial period (the inertial period is 21.04 hours 
at VBG and 22.40 at WSMR), amplitude of 
several m/s, and appears to be unrelated to the 
flow in the troposphere.  These features are 
consistent with those noted by Cornish and 
Larsen (1989).  Similar features are apparent 
during many days in the time-height series of 
wind observations from WSMR during June-
August, 1994, shown in Figure 1.  The 
corresponding plots for other summers (not 
shown) are similar.  However, examination of 
such plots for mid-winter months rarely show 
clear examples of quasi-monochromatic near-
inertial oscillations, implying the fraction of the 
total wind variance contained in near-inertial 
frequencies is significantly reduced during 
winter. 
 Power spectral analyses were used to 
explore the cause of this relative reduction in 
variance.  The entire data series of hourly mean 
zonal and meridional winds at each altitude was 
divided into 128-hour segments.  Hours with 
fewer than five observations that passed quality 
control checks were set to missing, except linear 
interpolation was used to fill gaps up to two 
hours.  Segments with data gaps more than two 
hours wide were not retained for spectral 
analysis.  A fast Fourier transform (FFT) 
algorithm was used to estimate spectral powers 
of the residuals from a linear trend line fit to 
each 128-hour data segment.  The spectra were 
smoothed with a Hanning filter.  Average spectra 
for all segments at WSMR during June through 
September (JJAS) and December through 
March (DJFM) are given in Figure 2.  A 
reference line with slope -5/3 is placed at the 
same coordinates in each panel to aid 
comparisons.  The spectra for zonal and 
meridional winds are very similar.  The high 
frequency portions of these spectra (above 
about 2x10-5 Hz) closely follow a -5/3 slope, 
especially in the stratosphere.  Near the inertial 
frequency (1.24x10-5 Hz) there is enhanced 
energy relative to an extrapolation of a -5/3 line 
from the higher frequencies, especially in the 
stratosphere during JJAS.  Nastrom, et al. 



(1997) hypothesized an enhancement of wave 
activity at near-inertial frequencies.   
 The total wind variance (zonal plus 
meridional) spectra are given in Figure 3.  The 
area-preserving coordinates used in Figure 3 
emphasize the relative enhancement of energy 
near the inertial frequency in the stratosphere 
during summer.  Note that the relative 
enhancement is smaller during winter than 
during summer; as a result the probability of 
seeing a quasi-monochromatic oscillation is 
largest in the stratosphere during summer. 
 The following procedure was used to 
quantify the probability of seeing a quasi-
monochromatic oscillation.  Blocks of hourly-
mean zonal and meridional winds 72 hours long 
by 13 levels (i.e., 1.95 km) in the vertical were fit 
with waves as exp[i(mz-ωt)], where the vertical 
wavenumber m=2π/λz, the vertical wavelength, 
and ω=2π/P, the period.  The combination of λz 
(1 to 6 km), P (16 to 24 hours), and lag between 
zonal and meridional winds (0 to P hours) that 
maximized the percent of explained variance 
(PEV) was found for each data block.  PEV is 
defined as 100(ru
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2)/( σu
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analysis was made using 72-hour data blocks at 
24-hour intervals, the results are not all 
independent.  A data block was retained for 
analysis only if 60 or more hours had 
observations at 8 or more levels.  The entire 
time series at each level for each wind 
component was first low-pass filtered with a 5-
point binomial filter.  The residuals from a linear 
trend fit to each 72-hour data segment at each 
level were used for the wave-fitting analysis.  
The analyses were made for six altitude blocks, 
centered at 13.5, 14.5, ..., 18.5 km.  The number 
of data blocks retained for analysis at each 
altitude was 654, 699, 715, 722, 727, and 724 at 
WSMR, and 338, 343, 330, 292, 249, and 142 at 
VBG.  An example of the fitting is given in Figure 
4; note there are a few missing data points so 
the number used for fitting (# obs=897) is less 
than the total possible (936).  The best-fit values 
for the case in Figure 4 are P=21 hr and λz 
=4.75 km; with PEV=0.58.  The equivalent wave 
amplitude, A=21/2σ, is 5.1 (4.7) m/s for u (v). 
 The annual distribution of PEV at 
WSMR (VBG) is given in the upper left panel of 
Figure 5 (Figure 6).  PEVs are generally 
enhanced during the summer, relative to winter.  
A quasi-monochromatic oscillation seems to be 
present when the PEV is above about 0.25.  For 
example, the lower left panels of Figures 5 and 6 
show the distributions of  σu

2/σv
2 as functions of 

PEV; this ratio settles down to values near one 

for PEV>0.25.  Other variables (not shown) also 
suggest PEV>0.25 as a threshold for quasi-
monochromatic oscillations.  Figure 7 shows the 
percent of cases with PEV>0.25 as a function of 
month and height at WSMR; the summer 
stratospheric maximum is striking. 
 Most cases of PEV>0.25 are associated 
with wind speeds less than about 10 m/s (upper 
right panels of Figures 5 and 6).  However, it is 
possible that this relationship is coincidence, 
and not causative; i.e., light winds and large 
PEV both just happen to occur in summer.  No 
apparent relationship of PEV with vertical shear 
of the horizontal wind was found. 
 A large number of gravity wave 
variables can be derived from the fitted values of  
λz, P, and lag between u and v (following, e.g.,, 
Sato, et al., 1997).   For example, the lower right 
panels of Figures 5 and 6 show the ratios of the 
intrinsic frequencies, ωi, to the Coriolis 
parameter, f, as functions of PEV.  The values 
range between about 2 and 3, consistent with 
the values reported by Wang, et al. (2005) from 
their analyses of high-resolution radiosondes.  
Further analyses of the radar data will be 
reported elsewhere. 
 
3.  SUMMARY 
 
 Hourly mean winds from the 50 MHz 
MST radars at WSMR and VBG have been used 
to study the occurrence of quasi-monochromatic 
oscillations.  Spectral analysis shows there is a 
strong enhancement of wave energy near the 
inertial frequency, especially in summer in the 
stratosphere.  This enhancement explains why 
many case studies and brief campaigns have 
been more likely to note apparent low frequency 
waves in summer than in winter.  
 A climatology of the occurrence of 
quasi-monochromatic oscillations has been 
developed by fitting blocks of data over 72 hours 
and 1.95 km with sinusoids.  It is found that a 
single sinusoid explains over 25 percent of the 
total wind variance in more than 50 percent of 
the cases at WSMR during summer in the 
stratosphere.  The probability of finding a case 
of PEV>0.25 is small at all heights in winter. 
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Figure 1.  Time-height series of hourly mean wind directions at WSMR for June, July, and August, 

1994.  Missing data are blank.  Note the apparent oscillations with periods slightly less than one day and 
which seem to propagate downward with time, especially clearest at the highest altitudes.   

 
 



 

 
Figure 2.  Frequency power spectra at WSMR for June-September (JJAS) and December-March 

(DJFM).  A reference line with slope -5/3 is entered at the same coordinates in each panel.  The number 
of individual spectra averaged for each curve is shown in the lower left corner of each panel.  Solid: zonal 
winds; dashed: meridional winds. 

 
 

 
Figure 3.  As in Figure 2, except for total energy (u+v) in area preserving coordinates. 



 
Figure 4.  Example of winds for one 72-hour by 13-level data block at WSMR (upper: zonal, lower: 

meridional).  This case begins on June 8, 1991.  The best-fit function of the form exp[i((mz-ωt)] is shown 
by the solid lines in arbitrary units.  See text. 



 

 
Figure 5.  Results at 17.5 km at WSMR.  (upper left) PEV as a function of time of year.  (upper right)  

Wind speed as a function of time of year; data blocks with PEV>0.25 are shown in red.  (lower left) Ratio 
of variance within individual data blocks of zonal wind to that of meridional wind as a function of PEV.  
(lower right)  Ratio of intrinsic wave frequency to f as a function of PEV. 

 

 
Figure 6.  As in Figure 5, except at VBG.



 
Figure 7.  Month vs. height plot of the percent of cases with PEV>0.25 at WSMR. 


