MT36E Boundary Layer Meteorology: Experiment 3

Profile method for estimating surface fluxes

OBJECTIVES

To investigate the validity of profile laws within the surface layer, and apply the profile method to the estimation of surface momentum and sensible heat fluxes.

BACKGROUND 

You may already have measured a wind profile and fitted a log profile to the data, i.e.  assuming neutral stratification.  Here you will attempt to estimate the impact of non-neutral stratification on the estimation of fluxes by the profile method.

APPARATUS AND METHOD

Eight pulse-anemometers are mounted on a mast at the following heights:

Z (m)       0.56        0.80       1.12       1.60       2.24       3.20       4.48       6.40 
Ln(Z)     –0.580    -0.223     0.113     0.470     0.806     1.163     1.500     1.856

      (                           (                          (                          (
The ( symbols identify the heights of fine-wire PRTs.  The idea is to measure the coincident profiles of temperature and wind, and thus derive both stability and surface flux parameters from them.

Each anemometer produces electrical pulses at a rate proportional to its rotation speed.  The total number of counts in a selected time interval is recorded on a counter box (with 8 channels; one for each anemometer).  If N is the count recorded over P seconds, then the corresponding average wind speed is given by
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where C = 10 m-1 for these anemometers, i.e. 10 counts per second corresponds to a mean wind speed of 1 m/s.

The PRTs are connected to a transducer/amplifier system producing an output voltage V proportional to the PRT resistance.  Voltage integrators are used to obtain a mean voltage over a prescribed sampling interval P.  If an integrator count is M after P seconds, then the mean output voltage is given by
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where D is the integrator calibration constant.  For this experiment, D=1.0 mV s.

The PRT calibration characteristic is of the form
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where the (,( are given calibration constants and T is in Celsius.  For a measurement VT it follows that the measured temperature can be estimated from
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Unfortunately, even relatively small calibration errors on the ( parameters can lead to substantial errors in the (small) measured differences in temperature retrieved from the mean outputs recorded by a set of sensors.  To overcome this problem it is therefore necessary to allow for offset between the instruments, estimated by comparing them when exposed to the same environmental temperature.

THE EXPERIMENT
Check that the anemometers are connected to the pulse counter box so that displays 1 to 8 match the vertical ordering of the anemometers (lowest=1, highest=8).  Operate the counter box to make sure you understand how it works (Green toggles on/off; Red resets to zero).  Similarly, check and match the connections of the PRTs to the voltage integrator box (which operates in the same way as the anemometer counter box).

With the mast horizontal and PRTs close together, record the output from the PRTs averaged over a period of 10 minutes.  Using the table provided, convert to mean temperatures and thus calculate the apparent temperature offset 
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 for i=2,3,4 relative to PRT 1 (which will be mounted at 0.56 m).

Mount the PRTs in their correct positions for profile measurement and with the mast vertical make simultaneous measurements of integrated anemometer and PRT outputs for a sampling period of 20 minutes.  During this time, note the screen value of temperature and any other weather parameters which you think are relevant to the experiment.

DATA PROCESSING

1. In the Field
Identify the calibration constants required for your equipment and enter these and other field measurements in the table provided (page 4).

· Convert anemometer counts to mean windspeed (
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), and PRT counts to mean temperature (
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).  Add the apparent offsets to obtain corrected temperatures (
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) at heights above 0.56 m.  Then convert to potential temperature (in oC) relative to a pressure reference surface corresponding to 0.56 m.  This can be done by simply adding the quantity 
[image: image9.wmf](

)

(

)

56

.

0

/

-

´

z

c

g

p

 to the corrected temperature 
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 at height z.

· Quickly plot U and 
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 versus 
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 and fit straight lines subjectively.  Hence estimate 
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 assuming neutral stratification.  If either plot appears to contain unrealistic outliers, check the data and your calculations carefully before you consider if it is necessary to obtain another set of observations.

2.
In the Laboratory


The EXCEL Workbook dprofile.xls fits U and 
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 data to diabatic profile laws, for L(0.  Data tabulation and numerical results are shown on Sheet 1.  Charts 1 and 2 show the fitted trendlines.  Note that the symbol T is used to represent potential temperature on the Worksheet and charts.

Step 1.

Replace cell values in the Worksheet observed-data columns by your observations and check that these are correctly represented on the graphs.

Step 2.

Set the Obukhov scale L to a large negative number (e.g. -9999) to represent the ‘neutral’ log profile law approximation.  Examine the resulting profile fits and record the slope and intercept parameters shown on the graphs.  If necessary, edit the graphs to show the full range of measurements.

Step 3.

Replace the slope and intercept parameter values in the Worksheet by the trendline-estimated values shown on the charts.  Hence obtain estimates of 
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.  Check that these are similar to the values you obtained by subjective analysis.

Step 4.

Obtain a revised estimate of L using the following equation
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and use this value to calculate new trendline parameters.


Iterate steps 3 and 4 to convergence.

ANALYSIS

Print copies of the EXCEL Workbook results corresponding to your ‘best fit’ analysis.

Calculate the sensible heat flux 
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 and momentum flux 
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 corresponding to both the ‘best fit’ analysis and the analysis assuming the ‘neutral’ log-profile law.

By considering the scatter of observations about trendlines and other sources of uncertainty, estimate the experimental accuracy of the sensible heat flux and momentum flux obtained by this method. Hence, would there have been a significant error in assuming neutral conditions during the measurement period to calculate the fluxes?

Calculate the gradient Richardson number (using measurements at z1=0.56m and z2=4.48m and see note below on estimating gradients*) and compare it with the Monin Obukhov stability parameter (based on geometric mean height 
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). Is the result what you expect?

*NOTE : Estimating a Gradient
If a scalar parameter q is expected to have a ‘nearly’ logarithmic profile, then an appropriate estimate of its mean gradient by finite difference approximation is given by
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where 
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 is the geometric mean height of the layer, 
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.  This approximation is commonly used in the analysis of micrometeorological data.
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Data Tables
Table 1.
PRT Standardization



Start time = 

BST

Sample period  P = 

s

	PRT

Index


	Serial

Number


	Calibration Constants
	Measurements

	
	
	(
(mV)
	(
(mV oC-1)
	Count
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Table 2.
Observed Profile Data



Start time =

BST

Sample period P =

s.
	Z (m)
	0.56
	0.80
	1.12
	1.60
	2.24
	3.20
	4.48
	6.40

	Ln(Z)
	-0.580
	-0.223
	0.113
	0.470
	0.806
	1.163
	1.500
	1.856

	
	
	
	
	
	
	
	
	

	U Count
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NOTE: In table 2, 
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 is the retrieved temperature adjusted for the offset 
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 [see table 1].
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