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Organization of the talk 

Ç  Basics of planetary boundary layer and mixing height 

Ç  Basics of sodar echogram formation 

Ç  Mixing height estimation  

Ç  Explanation for multiple layers due to fog formation  

Ç  Results of mixing height estimation 

Ç  Fractal and fractal dimension (FD) 

Ç  FD computation methodology 

Ç  Results of FD for multiple layered structure 

Ç  Observations on results and its relevance 

 

 

 



Planetary Boundary Layer Formation 

Ç  Coriolis force  

Ç  Gravity 

Ç  Speed of rotation of earth  

Ç  Temperature at ground and gradient  

Ç  Kinematic heat flux at ground level 

Ç  Local wind speed 

 

 



Importance of Mixing Height 

Ç Mixed layer height is an important 

meteorological parameter  

Ç It affects near-surface atmospheric pollutant 

concentrations  

Ç It determines the volume of air into which 

pollutants and their precursors are emitted. 

Ç The air quality estimation models use this 

parameter 

ÇWind energy generation requires estimation of 

mixing height 



 

 

 

 

 

 

Fog Formation 

V In a normal temperature profile, warm air rises 

and condenses.  This has the potential of cloud 

formation.  

V During day, sea breeze blows away from sea and 

return path is from land back to sea. 

V During night, land breeze blows from land 

towards sea ð fog formation can happen 

V During capping inversion phenomenon which 

occur at high altitude, a layer of cold air zone sits 

above the layer of warm air.  

V A boundary is created where the cloud 

formation is capped by the inversion profile.  

VA strong cap initiates foggy condition. 

 



Sodar echogram 

SOnic Detection And Ranging also known as SODAR is very efficient 

way to explore the time evolution of lower atmosphere. Acoustic pulses 

of short duration are transmitted upwards using an acoustic antenna. 

These pulses gets refracted and backscattered due to temperature 

inhomogeneity and gets recorded in SODAR. (pictures taken from 

website of Halley British Antarctic Survey) 

 



Backscatter due to temperature inversion 
(based on drawing by Mike O Connor ) 

 



Typical patterns in Sodar echogram 

Ç Rising inversion structures form during morning 

hours 

 

Ç  Convective plume structures form during daytime, 

with the strength and shape depending on 

insolation 

 

Ç  Falling inversion structures form during evening 

after Sun goes down 

 

Ç  Flat inversion structures are typically formed on 

calm nights  

 



Typical Sodar echogram morning-noon 
(taken from Sodar installed in ISI Kolkata) 



Mixing Height Estimation 

The mixing height in the lower 

atmosphere can be estimated by 

employing suitable computer based signal 

processing techniques. Following are 

some of the approaches : 

 

· Image processing approach 

· Pattern Recognition techniques. 

· Kalman Filter approach. 

· Fractal ð self-similarity approach. 

 



Mixing Height Estimation Approach 
(taken from Fluctuation and Noise Letters 11(4);  December 2012) 



Capping Layer - Sodar Image 
(captured at Maitree Station,  Antarctica) 



Qc=0.01 and Ql=0.01 , Rc=1.0 and Rl=0.1 

Qc=0.001 and Ql=0.001 , Rc=1.0 and Rl=0.1 

Capping and Inversion - Estimation 



Capping and Inversion Layer ð Frequency 

( Fluctuation and Noise Letters 11(4);  December 2012. ) 

FFT analysis of the inversion and capping layers 



Limitations of estimation scheme 

·The proposed scheme is only for two layered structure 

and can be extended to multilayered structure. 

·The system has been assumed to follow a random constant 

model but during fog formation and deformation stages, a 

ramp model might be better suited. 

·KF equations assumes system to be linear and noise model 

to be a Gaussian model. Some natural fluctuations gets 

suppressed. This can be tackled using a fractal based 

approach. 


