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Spectra and Cospectra 

“Big whirls have little whirls that feed on their velocity, and little whirls have lesser whirls and so on to 
viscosity.” Lewis Fry Richardson. 

See: Garrat, Section 3.5; and Kaimal and Finnigan, Chapters 2 (all), 3.5, and 7 

0) Synoptic and Mesoscale ⇒ Spectral Gap ⇒ Energy Containing Range (+ Trend Interference) ⇒ 
Inertial Subrange ⇒ Dissipation Range (+Aliasing) ⇒ (Noise) 
 

1) Spectral Equivalence and Normalization 
 
𝜅𝜅 𝐹𝐹(𝜅𝜅) = 𝑓𝑓 𝑆𝑆(𝑓𝑓) = 𝑛𝑛 𝑆𝑆(𝑛𝑛)  
𝑓𝑓 𝑆𝑆(𝑓𝑓)

𝑢𝑢∗2 Φ𝜖𝜖
2/3      where    Φ𝜖𝜖 =

𝑘𝑘𝑘𝑘𝑘𝑘
𝑢𝑢∗3

                 or              
𝑓𝑓 𝑆𝑆(𝑓𝑓)
𝜎𝜎2

 

 
2) Atmospheric Examples from Garratt Figs. 3.25 and 3.26.  Note –2/3 and –4/3 decay rates. 

 
 
 
 

 



3) Spectra within a Canopy (Forest, Vegetation, etc) from Kaimal and Finnigin Figs. 3.11 and 3.12. 

 
 
 

4) Measuring Spectra:  
 

Averaging period (𝑇𝑇), Sampling interval (Δ𝑡𝑡), Sample length (𝑁𝑁 = 𝑇𝑇/Δ𝑡𝑡), 
Aliasing: The critical frequency �𝑓𝑓𝑐𝑐 = 1

2Δt
�. 

 
5) Processing Spectra: Trend removal, Log-scale binning 

 

 
6) Spikes and Noise 

 


