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Lecture 4.1, Consequences [1] of observed scale invariance 
 

 
 

* No isotropic turbulence or diffusion, no normal distributions, 

no stable layers, means converge but variances do not, 
no local thermodynamic equilibrium, molecular properties 

must be accounted for by means other than the gas constant. 
 

* These points imply difficulties in the formulation of numerical 

models. An example is given. 
 

* Question: stratospheric polar vortex - containment vessel 
or flow reactor?  
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Figure 22 

WB57F, Rocky Mountains 19980411. Severe turbulence & lee waves. 

Isentropes observed by MTP. 
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Figure 24 

Scaling of WB57F observations and of MM5 simulation, 19980411. 
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Scaling of WB57F and MM5, WAM Rocky 

Mountain Lee Wave Flight 19980411 
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Although using typical exponents, the trace still does not 
“look like” actual observed ones. 
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We now consider implications for a particular question: 
the degree of exchange across the edge of the stratospheric 

winter polar vortex, and the rates of reaction inside it. 
 

* The scale invariance of the winds 

 
* The scale invariance of some of the chemical species 

 
* Application of the law of mass action 
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Scaling exponents H1, C1 and  for SOLVE 

ER-2, full precision at 5 Hz 

*indicates an along-jet flight; all others are across-jet.   
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19870922 Wind Vector Differences 

Centred At 61 S, 68 W 
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* Observed H(N2O) = 5/9 implies that vortex chemistry is  

operating in a turbulent space of 23/9 dimensions (not 2 or 3!) 

 

* If the rate determining step is 

 

-d[O3]/dt  = 2k[ClO]2[M] 

 

in conventional 3D (laboratory) space, what should it be in 23/9 

dimensional space? 

 

20000123: H(ClO) = 0.76 

20000226: H(ClO) = 0.46 

20000312: H(ClO) = 0.32 

 

M, total pressure, scales like a passive scalar (tracer), so 

H(M) = 0.56 

 

If a given molecular population is restricted to a space of reduced 

dimensionality, reaction rates should accelerate.  

So should the [ClO]2[M] be replaced by  

[ClO]2.2[M]1.18  - since 2x(3÷ 2.76) = 2.20 on 20000123 

[ClO]2.4[M]1.18   on 20000226 

[ClO]2.55 [M]1.18 on 20000312? 
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Summary, Lecture 4.1 
 

 
* Models do show scaling, but the exponents are not generally in 

agreement with observed ones. 

  
See also Lovejoy & Schertzer, Space-time cascades and the  

scaling of ECMWF analyses: fluxes and fields. J. Geophys. Res.,  
116, D14117, doi: 10.1029/2011JD015654. 

 

* Contours need to be viewed as the approximate visual aids 
that they are, and not as a reliable basis for theory. Dissipation 

matters! 
 

* Application of the law of mass action to vortex-wide averages 

operating inside a “containment vessel” is a flawed concept. 
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