MTMG49 Boundary Layer Meteorology and Micrometeorology

Practical 1: Measuring the wind profile in the surface layer

Objectives

To investigate the variation with height of the mean wind speed above a grass surface, and the effects of surface sensible heat flux and changes in surface conditions. You will collect data from anemometers on a mast on the department field site, which will then be analysed using a spreadsheet. A pre-programmed spreadsheet will also be used to investigate the effect of surface sensible heat flux on wind and temperature profiles in the surface layer. You also have access to Surface Energy Balance variables estimated using a Penman mast.
The relevant spreadsheets may be downloaded from http://www.met.rdg.ac.uk/courses/MTMG49/
1. Theoretical background

1.1 Wind profile in neutral conditions

The variation of mean wind speed 
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 with height z up to about 100 m above an aerodynamically rough surface can be represented by a logarithmic relationship
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where u* is the friction velocity (
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rate of vertical transfer by turbulence of horizontal momentum per unit mass of air), z0 is the roughness length of the surface, d is the zero-plane displacement and k is von Karman's constant (0.4).

The logarithmic law is strictly valid only in neutral conditions, i.e. when the effect of buoyancy on turbulence is low compared to the effect of wind shear. In such conditions the temperature profile in the surface layer will be close to adiabatic (i.e. dT/dz = –9.8 K km-1). When the sensible heat flux is significantly different from zero, Monin-Obukhov theory must be used. In the first part of this practical, your measurements are tested against the logarithmic law, and the roughness length calculated for the meteorological field site.

1.2 Wind and temperature profile in non-neutral conditions

Modifications to the logarithmic profile are required in conditions of non-neutral stability, using the results of Monin-Obukhov theory. This theory of the surface layer derives relations (in equilibrium conditions) between the vertical variation of wind speed u(z) and potential temperature (z) (which approximates the measured temperature T close to the surface), the scaling factors for momentum and temperature, u* and T*, and the Monin‑Obukhov stability parameter
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where L is the Obukhov length. Including these corrections, the logarithmic profile relation can be written in the form of a Businger‑Dyer equation:
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and similarly for temperature:
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where the “turbulent temperature scale” is given by
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(5)
m is the stability correction function for momentum and h is the stability correction function for heat. Note that both T* and z/L have the opposite sign to H (which is positive in unstable conditions and negative in stable conditions).
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