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FIG. 1. Spatial structures of EOFs 1 and 2 of the combined analysis
of OLR⇤*, u850⇤*, and u200⇤*. A key for the field described by each
curve is given. As each field is normalized by its global (all longi-
tudes) variance before the EOF analysis, their magnitude may be
plotted on the same relative axis. Multiplying each normalized mag-
nitude by its global variance gives the field anomaly that occurs for
a 1 std dev perturbation of the PC, as given for the absolute maxima
of each field. The variance explained by the respective EOFs is 12.8%
and 12.2%.

FIG. 2. Power spectra of the PCs of the leading three EOFs of the
combined analysis of Fig. 1, as calculated using the whole time series.
The plotting format forces the area under the power curve in any
frequency band to be equal to variance. The total area under each
curve is scaled to equal the explained variance (Exp Var) by that
EOF. The fraction of ExpVar in the 30- to 80-day band for each PC
is given. The dashed curve is the red-noise spectrum computed from
the lag 1 autocorrelation. Multiple passes of a 1–2–1 filter are applied
to all spectra resulting in an effective bandwidth of 3.0 ⇥ 10�3 cpd
(cycles per day).

daily observed data onto the two EOFs acts as an ef-
fective filter for the intraseasonal frequencies associated
with the MJO. In contrast, PC3 is not dominated by the
intraseasonal time scale, and thus presumably does not
contain much, if any, of the MJO signal. Instead, the
MJO, as manifested by a spectral peak at 40–50 days,
is predominantly contained within EOF1 and EOF2, and
it accounts for the majority of the variance of these two
EOFs. As will be shown, our choice of variables used
as input to this chosen EOF analysis was made based
partly on the desire to maximize this variance.
A further useful diagnostic of the PCs is their cross-

spectra, as presented in Fig. 3. The coherence squared
(Coh2) between PC1 and PC2 peaks in the 30- to 80-
day range, with a mean value in this range of 0.76. Thus,
not only do PC1 and PC2 have a greater portion of
variance in this intraseasonal range, but their fluctua-
tions in this frequency range are also more coherent.
The phase relationship in this range (PC1 leads PC2 by
1/4 cycle) is consistent with the eastward propagation
of the MJO. In contrast, the cross-spectrum between
PC1 and PC3 shows only weak coherence (Fig. 3b), as
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RMM plot 
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Data 

� Violent Tornado Outbreak Day: 24 hour 
period 6UTC to 6 UTC in which 6 or more 
tornadoes of at least  (E)F2 anywhere in 
the continental United States (Cook and 
Schaefer 2008), Storm Prediction Center’s 
Severe Weather Reports Database 
(Schaefer and Edwards 1999) 
� Results dominated by the region 

east of the Rocky Mountains 











Identifying MJO-Patterns 
Conducive to VTDs 

�  Composite circulation patterns during phase 2 and 
compare with the patterns during phase 2 VTDs 

�  Identify the mean low frequency background state that 
precedes phase 2 VTDs 
�  Index that state 

�  Compare the relative frequency of occurrence of VTDs 
during phase 2 states that occur coincident with 
conducive low frequency states 

















Low Frequency Background 









Discussion 

�  The MJO modulates Violent Tornado Outbreaks 

�  VTDs occur 4% of the time March through May 

�  VTDs occur 9% of the time March through May RMM 2 

�  VTDs occur 50% of the time March through May RMM 2 
when low frequency patterns also project positively 
onto the above pattern 


