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


[image: image4.wmf]3

0

*

-

=

u

T

C

kgHz

L

z

p

r

,



(2)
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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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).

2. Data collection

2.1 Apparatus

Field Site: Pulse output cup anemometers mounted on 6.4 m mast at logarithmic vertical spacings, 8-channel battery-powered pulse counter box, stopwatch, hand-held cup anemometer. A Penman mast, from which surface sensible heat flux H may be estimated.

Software: Excel together with (1) the logpro.xls spreadsheet for reading the anemometer data and (2) the met-mast.xls spreadsheet for reading the data from the Penman mast and applying the Penman-Monteith equation to estimate the variables in the surface energy balance (see Atmospheric Physics notes).

Each anemometer produces electrical pulses at a rate proportional to its rotation speed. The output pulse rate is nominally at 10 Hz for a wind speed of 1 m s‑1. The anemometers are connected directly to the pulse counter box, which accepts and stores electrical pulses from all the anemometers simultaneously. In the box an eight-digit counter is connected to each anemometer, to allow the readings from each anemometer can be straightforwardly compared. The control buttons are green (start counting; stop counting and freeze display) and red (reset counter).
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Anemometer calibration: If N counts are recorded over a time interval T seconds from an anemometer whose calibration is C pulses per metre of wind passing, the mean wind speed (m s-1) over the interval is
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where T is determined using the stopwatch. For the present anemometers, C = 10 pulses m‑1. Anemometer heights are: 6.40 m, 4.48 m, 3.20 m, 2.24 m, 1.60 m, 1.12 m, 0.80 m, 0.56 m above the surface.

2.2 Experimental procedure

· Take a set of three wind profile observations, each averaged over 10 minutes, using the counter box.

· Make a note the weather conditions while you are carrying out your experiments, particularly the prevailing wind direction but also other factors that may be important such as cloud cover.

· Estimate the fetch of wind (x) upwind of the mast over which the roughness of the surface is reasonably constant and hence the depth of the layer in equilibrium with the surface (h), given that h~0.01x. Note the surface types (particularly factors that will affect roughness length) both immediately upwind of the mast and beyond a distance x.

· Obtain an approximate wind speed from the hand-held cup anemometer.

· After the three sets of observations have been taken, obtain a copy of the data taken by the Penman mast on a floppy disk.

3. Data analysis 

3.1 The log wind profile

Go to the module web page and download logpro.xls. Open it in Excel and enter the values of windspeed you obtained in the column marked “windspeed u (m/s)” in the box. Figure 2 shows the data in profile form. Figure 1 shows windspeed u plotted against ln(z) with a linear trend line fitted. Using the equation of the trend line displayed in the red box (where y=u and x=ln(z)), and equation 1 (assuming displacement height d=0), derive values of u* and z0. What is the typical range of values for flat grass surfaces and how does this compare to the value you have obtained? Repeat the procedure with the other measured datasets – are there any notable differences in derived values? Be aware of any change in conditions (windspeed, wind direction) between measurement periods.

Ideas for further analysis 

· Are there any distinct changes in slope apparent anywhere in the observed wind profile? If so, calculate the roughness length and friction velocity of each part. Is the position of the change in slope consistent with your estimated fetch? Are the two roughness lengths consistent with the surfaces upwind of the field site?

· If an observation of the 10-m wind is available then using the set of parameters corresponding to the best-fit profile (e.g. using the R2 value in the trend-line box), extrapolate your measurements to estimate the wind speed at this height. Compare the extrapolated value with the 10-m measurement and explain any difference.

3.2 The effect of buoyancy on the wind profile

Open the spreadsheet teachpro.xls. It shows a table of fixed parameters z0, d, 0, and k, and computes the Obukhov length L and sensible heat flux H from the variable parameters u* and T*. It then uses the Monin-Obukhov equations in section 1 to plot graphs showing the corresponding profiles of wind speed u(z) and temperature (z) above the surface. Initially the variable parameters are u* = 0.2 m s‑1 and T* = 0.001 K, but different values can be entered. The graphs are updated automatically each time u* or T* is changed.

Experiment with different values of u* and T* to see how the u(z) and T(z) profiles are affected. Interpret this behaviour physically in terms of what you have learned from the lectures, including discussion of the role of L and H. Note that:

· u*  usually lies in the range 0.05 to 0.5 m s-1.

· It is more convenient to think in terms of H rather than T*; you can convert between the two using equation 5. It is suggested that you start by simulating a near-neutral profile (e.g. T* = 0.001 K), before investigating the effect of buoyancy.

In what conditions is L likely to be (i) small and positive, (ii) small and negative, (iii) very large?

Download the met-mast.xls spreadsheet from the module web site and read in the data from the Penman mast. From the appropriate tab on the bottom of the spreadsheet, estimate the average surface sensible heat flux during the period of the experiment and hence calculate L. Use the teachpro.xls spreadsheet to estimate the effect that buoyancy should have had on your wind profile according to Monin-Obukhov theory. Is this consistent with your observations? Note that the Penman technique makes a number of assumptions (such as the value of z0) that mean that the value of u* it calculates will be less accurate than the value you derived from your wind profile.
Ideas for further analysis 
· From the Penman mast data read off the friction velocity and sensible heat flux at the time when the air temperature was lowest on the previous night. Using the teachpro.xls spreadsheet, estimate the difference between the ground temperature and the air temperature at screen height, and hence the grass minimum temperature. How does this compare to the value recorded by the Meteorological Observer for this night? What are the uncertainties in your calculation?

· Examine the diurnal variation of wind speed, gustiness and the surface energy budget parameters. from the Penman mast and explain them in terms of boundary layer processes. Given the weather over the period, to what extent are the features affected by synoptic forcing?
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