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Summary

Since, the Monin-Obukhov similarity theory (1954) (MOST) has been investigated in
numerous studies, especially for the atmospheric surface layer. This theory provides a
low-cost method to estimate non-dimensional turbulence intensity and dimensionless
wind gradients that are the bases for the dispersion models. Therefore, this theory has
been examined for many surface types, such as water, forest, rural, and urban areas to
validate the predicted similarity relations.

Since the similarity relations were often found for neutral stratification, some
modifications need to be made in order to make them applicable for the other stability
conditions and, hence, some stability correction functions are applied.

The hypothesis of constant surface fluxes with height as a basic assumption of MOST,
makes it unpractical for terrains such as forests and urban areas, over which surface fluxes
vary horizontally and with regard to height. For these terrains, the local scaling approach
was applied to solve this problem. Similarity functions derived using local scaling were
examined in numerous experiments and showed good agreement with observational
results.

In this paper, the applicability of MOST was studied over an urban area with complex
topography (Tehran) and with a rough sublayer as the lowest part of the surface layer. For
this, we used data measured by a Sodar (model PAl) located at the Institute of
Geophysics of the University of Tehran for the first 8 months of 2007. Sodar measured
the speed and direction of wind, standard deviations of three components of the wind, and
momentum fluxes. Also, data from a 100 m tower 150 m away from the Sodar position
were used. This tower is equipped with four 2D sonic anemometers at 2, 10, 45 and 100
m, which measure the speed and direction of wind and the temperature. To validate Sodar
data, the u and v components of the wind at 45 m from Sodar were compared with those
from the tower at 45 m. The results illustrate good agreement and show similar trends.

The first aim of this research was to determine whether the similarity function can be
fitted to the non-dimensional wind gradient and standard deviations of three components
of wind. Toward this end, non-dimensional wind gradients and dimensionless turbulent
intensities were studied against the stability parameters which were calculated using the
local similarity approach. Results show that MOST with the local scaling approach can be
applied over this terrain. Therefore, similarity functions for these parameters were
calculated.

The second aim of this study was to compare calculated emperical constants for this
terrain with that of previous results that were made over various surface types and for
different stability conditions. To achieve an accurate comparison, neutral stratifications
were also studied.

The results indicate that emperical constants for the non-dimensional wind gradient
and turbulent intensities over Tehran and in the rough sub-layer were larger than those of
other surface types, including those over flat urban areas. This outcome reveals that the
knowledge of the effect of Tehran topography, which may have a great influence on air
pollution for this city, may be important.

Different universal similarity functions and large emperical constants imply that
applying results from other terrains to predict wind and air pollution over a city as large
and heterogeneous as Tehran may lead to significant errors. The estimated constants for
the empirical universal similarity functions found in this work appear to be necessary for
applications in dispersion studies for Tehran.

Key words: Surface layer, roughs sub-layer, Monin-Obukhov theory, standard deviation
of wind, non-dimensional wind gradient
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