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First paper to show that the solution of the eddy
diffusivity equation provides concentration estimates
that compare well with measurements made in Prairie
Grass experiment (Barad, 1958)

 /H z L based on heat transfer, Businger(1973) 
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Comparison of numerical solution of diffusion equation with measurements 
from Prairie Grass
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Red is numerical solution. Black line 
is Gaussian
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Gryning, S. ‐E, van Ulden, P., Larsen, R.E., 1983. proposed an analytical 
expression for exponent
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An elegant analytical approximation for the numerical solution
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where 𝑆 and 𝐵 are functions of 𝑝 = 𝑚 − 𝑛 + 2
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Solution becomes useful with
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van Ulden derives equations that provide estimates of

0
      /   z as an implicit function of x L and z
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Some Consequences
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For a neutral boundary layer 𝐾 = 𝑘𝑢∗𝑧,  
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Application
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Vertical Plume Spread (RLINE)
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Horizontal Plume Spread
Eckman, 1994
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Formulation in RLINE
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Horizontal Spread
Prairie Grass Data



Concentrations
Idaho Falls Data



Application to Real World (Highway 99, 
Sacramento, 1981-1982)



Conclusions

 Paper by Nieuwstadt and van Ulden
showed that the eddy diffusivity 
formulation provides “real world” 
estimates

 van Ulden provided an analytical 
solution that forms the basis of plume 
spreads used in currently used models 
such as AERMOD.


