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ABSTRACT

Multi-point cumulants of fields such as vorticity generalize the ways of examining teleconnections that   
have been used in atmospheric sciences for some time, complementing other approaches such as 
the method of empirical orthogonal functions (EOFs). We calculate equal-time two-point cumulants of 
the vorticity from reanalysis data during the period 1979 - 2010 and from direct numerical simulation 
(DNS) using an idealized  general circulation model (GCM) [1]. Extratropical correlations seen in the 
NCEP data are qualitatively reproduced by the model. Three- and four-point cumulants accumulated 
from DNS quantify departures of the probability distribution function from a normal distribution, 
shedding light on the efficacy of direct statistical simulation (DSS) of atmospheric dynamics by 
cumulant expansions [2][3].  Lagged-time two-point cumulants between temperature gradients and 
transient  eddy kinetic energy (EKE), accumulated by DNS of an idealized moist aquaplanet GCM [4], 
reveal dynamics of storm tracks.  Regions of enhanced baroclinicity (as found along the eastern 
boundary of continents) lead to a local enhancement of EKE and a suppression of EKE further 
downstream as the storm track self-destructs [5].
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                                         DISCUSSION
Cumulants calculated either from the reanalysis data or from the GCM contain information about non-
local correlations or teleconnections.  The second cumulant of the relative vorticity obtained from 
reanalysis data is similar to the one calculated in the dry and moist GCM, showing the same pattern 
of midlatitude baroclinic waves.  The non-dimensional third and fourth cumulants are relatively small, 
demonstrating that departures of the midlatitude general circulation from a normal distribution are also 
small.  The time-lagged second cumulant of the eddy kinetic energy exhibits the expected storm 
tracks over the northern Pacific and Atlantic oceans suggesting that upstream seeding of storms plays 
a role in controlling downstream EKE. In addition, the two-point correlation structure exhibits similar 
meridional deflections as the mean EKE, with a poleward migration in the Atlantic storm track and an 
attenuated equatorward migration over the Pacific.   While the leading EKE EOFs show that transient 
eddies are zonally confined in storm tracks over the Northern Hemisphere oceanic basins, the 
variability captured by the leading EOFs is low. 

Empirical Orthogonal Functions (EOF)

Reanalysis Data and GCMs 
The NCEP/NCAR reanalysis data set used in the calculations covers the period 1979 - 2010. A 192 X 
94 Gaussian spatial grid is used with 17 pressure levels. The ECMWF ERA-40 reanalysis data covers 
the period 1957 - 2002.  It is projected on a 144 X 73 Gaussian grid with 23 pressure levels.  The  dry 
and moist GCMs are run with T42 resolution on a 128 X 64  Gaussian grid with 10 pressure levels. 
For both the reanalysis data and GCMs, the transient eddy kinetic energy is calculated from zonal 
and meridional velocities  and integrated vertically after applying a 3 - 10 days bandpass filter. 
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Reynolds decomposition xi = xi + x�
i with x�

i = 0.
Cumulants:

ci = xi.

cij = (xi − xi) · (xj − xj).

cijk = (xi − xi) · (xj − xj) · (xk − xk).

Skewness =
ciij

c3/2ii

. Kurtosis =
ciiij
c2ii

.
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Eigenvectors of the covariance matrix (time averaged 2nd cumulant). 
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