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Lecture 2.2  Vertical Scaling 

 

 

 

‘Vertical’ observations from GPS dropsondes released by 

the NOAA Gulfstream 4 aircraft, and ascents and descents 

from the G4 and the NASA WB57F. 
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Recall theoretical prediction: Hvertical = 3/5 



NOAA Gulfstream 4 

Slide 67 



Dropsonde 
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Dropsondes: The vertical resolution is multifractal 
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Blow up of 

intermittent lower 

layer 

40 60 80 100 120 

200 

400 

600 

800 

1000 

v T h p log logE  w 
Z (m) 

Well reproduced 

from both sondes 

Slide 71 



Dynamic stability: marine boundary layer, troposphere 
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Potential Temperature,  

•  is an alternative vertical coordinate in 

 meteorology. 

 

•It is the temperature an air element would 

have if it was brought adiabatically to the 
surface.  

S = Cp ln + constant 

where S is entropy 
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Generalised Scale Invariance: 

Exponents 

• H Hurst or conservation exponent (0<H<1) 

 

• C1 intermittency exponent (0<C1<1) 

 

•  multifractality exponent (0<<2) 

 

 

 

 

*Atmosphere has H = 0.56, C1 = 0.05,  = 1.6 from 

horizontal aircraft observations. 

 
*Gaussian has H = 0.5, C1 = 0,  = 2 

*What of the vertical scaling? 
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QuickTime™ and a
 decompressor

are needed to see this picture.

QuickTime™ and a
 decompressor

are needed to see this picture.
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Histogram of Hv for 1 km layers 

Slide 88 



Velocity scaling exponents H,,C1 and  
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Variogram, all 261 dropsondes during the mission 
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Scaling from G4 in Winter Storms 2004 

  

Dropsondes 

Vertical 

Aircraft 

Segments 

Horizontal 

Aircraft 

Segments 

    

Temperature 0.986 ± 

0.002 

0.95 ± 0.02 0.52 ± 0.02 

    

Wind Speed 0.768 ± 

0.005 

0.68 ± 0.02 0.56 ± 0.02 

    

Relative 

Humidity 

0.750 ± 

0.006 
0.66 ± 0.03 0.45 ± 0.03 

 
Vertical & horizontal exponents are different; no isotropy! 
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Co-dimensions of vertical stability criteria 

CRITERION CO-DIMENSION 

N 2 ( )= g∂log/∂z 

Brunt-Väisälä (dry) 

0.36 ± 0.06 

Ri = N2() [∂v/∂z]-2 

Richardson Number 

0.22 ± 0.04 

N2(w) = ∂w/∂z 

Moist static stability 

0.15 ± 0.02 

Water - via its latent heat entropy -  makes a big  

difference to atmospheric stability on all scales. 
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Lecture 2.2  Summary 

* GPS dropsondes are very effective at observing 

the vertical structure of wind, temperature and 

humidity.  

 

* Variables do not follow Gaussian statistics. They  
show statistical multifractal scale invariance. 

*No monolithic stable layers; no isotropic turbulence. 

*Jet streams alter scaling exponent H , horiz & vert. 

 

* Atmospheric moisture greatly affects vertical  
scaling. 

 

* Vertical scaling of temperature different than 

in horizontal. 
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