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Pair dispersion and spectra



  

Statistical equivalence

● In homogeneous, isotropic turbulence, Lagrangian and 
Eulerian velocity differences are equivalent  



  

Structure functions and dispersion

Bennett (1984)



  

Local dispersion

Intermediate slopes:

Richardson Regime:



  

Non-local dispersion

Steep slopes:

Lundgren regime:



  

Pair separation PDFs

● Richardson equation (2D)

● Richardson Regime:

● Lundgren Regime:

Lundgren (1981), LaCasce (2010)



  

Relative dispersion

● Richardson Regime:

● Lundgren Regime:



  

Balloon dispersion in the EOLE and 
TWERLE experiments

Morel and Larcheveque (1974) Er-El and Peskin (1981)



  

Gage and Nastrom (1986) spectra



  

Subsequent analyses

Lacorata et al. (2004)

FSLE Second order structure function



  

Reanalysis-based trajectories

Huber et al. (2001)



  

This study

● Advect synthetic “balloons” with reanalysis 
winds

● Calculate relative dispersion, displacement 
PDFs, etc.

● Compare with Richardson and Lundgren 
predictions

● Examine variation with latitude, height and 
season



  

Model

● ERA-Interim reanalysis winds

(1991-2009)
● 1O x 1O resolution
● 60 vertical levels
● FLEXPART (Stohl et al. '05)
● 360x4 balloons:  

at 10O, 30O, 60O  N/S

on 315K, 350K, 430K surfaces

in January and September 

r
0
=100 km



  

Correlated motion



  

Zonal anisotropy



  

Previous studies

Morel and Larcheveque (1974) Er-El and Peskin (1981)



  

Relative dispersion at 60N



  

Separation PDFs



  

Zonal anisotropy



  

Separation kurtosis



  

Balloon height



  

Structure functions



  

Other latitudes/seasons



  

Other latitudes/seasons



  

Other kurtoses



  

Trajectories



  

Other structure functions



  

Summary

● Relative dispersion from 100-1000 km grows 
exponentially in time

● Shear dispersion at larger scales
● Consistent with Morel and Larcheveque (1974) and 

Gage and Nastrom (1986)
● Same behavior at different heights and seasons in mid-

latitudes
● Low latitude dispersion is more anisotropic, despite 

also looking exponential
● What varies are the growth time scales and transition 

scales
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