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Abstract
During the NOAA Winter Storms 2004-2005-2006 projects, as a result of 
severe flooding on the west coast of the USA, observational data were taken in 
the ‘vertical’ at 2 Hz from research dropsondes for temperature, wind speed 
and relative humidity during the ≈800 s it takes to reach the surface from the 
13 km altitude of the National Oceanic and Atmospheric Administration
(NOAA) Gulfstream 4 SP aircraft. The observations were made mainly through 
the depth of the troposphere above the eastern Pacific Ocean from 15˚N to 
60˚N. This sizeable data set was used to characterize representatively the 
statistical fluctuations in the ‘vertical’ structure from 13 km to the surface. The 
fluctuations are resolved at 5-10 metres altitude, so covering up to 3 orders of
magnitude of tropospheric weighting functions for passive remote sounders. 
Average ‘vertical’ statistical multifractal scaling exponents H, C1 and α of 
temperature, wind speed and humidity fluctuations observed at this high 
resolution were computed and are available as potential generators of scale 
invariant summaries of the vertical structure of the marine troposphere. Current 
and future investigations with drone aircraft are illustrated.
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Dropsondes: The vertical resolution is multifractal
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Dynamic stability: marine boundary layer, troposphere



Potential Temperature, θθθθ

• θθθθ 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 lnθθθθ + constant

where S is entropy



Generalised Scale Invariance: 
Exponents

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

• C1 intermittency exponent (0< C1<1)

• αααα multifractality exponent (0< αααα<2)

*Atmosphere has H = 0.56, C1 = 0.05, αααα = 1.6 from 
horizontal aircraft observations.

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

*What of the vertical scaling?
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Dynamical stability [Ri>0.25] at 500 & 150 m(left),50 & 10 m(right)
Dropsonde (25 ˚̊̊̊N,157˚̊̊̊W) on 20040229.  The ‘Russian doll’ structure.



QuickTime™ and a
 decompressor

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



Velocity scaling exponents H,ββββ,C1 and αααα
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Gulfstream Ascents & Descents WB57F Ascents & Descents

Aircraft ascents and descents,Jan-Mar 2004,10 ˚̊̊̊- 60˚̊̊̊N,84˚̊̊̊- 158˚̊̊̊W
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Variogram , all 261 dropsondes during the mission



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 i sotropy!



Co-dimensions of vertical stability criteria

0.15 ± 0.02N2(θw) = ∂θw/∂z

Moist static stability

0.22 ± 0.04Ri = N2(θ) [∂v/∂z]-2

Richardson Number

0.36 ± 0.06N 2 (θ )= g∂logθ/∂z

Brunt-Väisälä (dry)

CO-DIMENSIONCRITERION

Water - via its latent heat entropy - makes a big
difference to atmospheric stability on all scales.



NASA Global Hawk drone aircraft

1 000 kg to 19 km altitude for 28 hours at 175 m/s



GH: 24 000 km, 70 sondes from 19 km in 30 hours
G4: 7 000 km, 16 sondes from 13 km in 7 hours

Feb-Mar
2011



Brightness temperature 89.5 GHz from AMSU-B

See: F M Ralph et al. Flooding on California’s Russi an River:
rôle of atmospheric rivers, Geophys Res Lett 33, L13801, (2006)



HAMSR on
Global Hawk



SUMMARY

* GPS dropsondes are very effective at observing
the vertical structure of wind, temperature and
humidity. They improved forecasts of flooding on th e
California coast.

* Variables do not follow Gaussian statistics. They
show statistical multifractal scale invariance.
*No monolithic stable layers; no isotropic turbulen ce.
*Jet streams alter scaling exponent H , horiz & vert .

* Atmospheric moisture greatly affects vertical
scaling, and is highly concentrated in so-called
“atmospheric rivers”.

* Drone aircraft are showing a large improvement
in capability.


