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1.0 Introduction


1.1 Significance and Use

This document provides guidelines for the use of sodar for wind energy resource assessment.  The guidelines are intended to encourage the collection of accurate and representative sodar data on wind resource characteristics within the operating height range of wind turbine rotors. Principles of sodar application presented herein will be of interest to most wind resource professionals, although some topics may have more restricted application.  Some suggestions are aimed at the meteorological quality control process, which may require input from a specialist trained in this area.

For application in wind energy resource assessment, sodar is primarily used to (1) measure the characteristics of the wind shear profile at heights above ground where wind turbine rotors operate, and/or (2) compare the wind conditions at selected sites relative to one or more reference wind measurement locations (typically meteorological masts).  Sodar can also be used in wind energy applications for micrositing, for model evaluation, and to determine certain turbulence characteristics.  Because wind energy is a very sensitive function of wind speed, the application of sodar to wind energy resource assessment requires particular attention to certain details that may affect the absolute accuracy by less than 5%.  

Although sodar offers a wide array of valuable information, it is a very different measurement system than conventional anemometry.  The differences in the underlying physics of both types of measurement system must be accounted for when comparing wind characteristics determined by the two.  Furthermore, sodar measurements are more time-intensive in terms of resources needed for data quality checking (there are more parameters to check) and in terms of analysis.  For this reason sodar typically is not used for long-term monitoring at proposed wind energy sites; rather it is more likely used for intensive campaigns over a period of a few weeks to a few months at any particular site.
The IEC standard 614000-12 is being revised as of this writing.  It is anticipated that the revised standard will include some perspective on the possible roles for ground-based remote sensing in wind turbine power curve testing and power performance testing.  In anticipation of this revision, these subjects will not be treated in this version of the recommended practices.  
1.2 Scope and Background
Sodar (sonic detection and ranging) is a ground-based remote sensing technology that uses acoustic pulses (i.e., chirps or beeps) to measure the profile of the three-dimensional wind vector in the lower atmospheric boundary layer (Coulter and Kallistrova, 1999; Crescenti et al., 1997).  After each pulse, the sodar listens for the backscattered sound and determines the wind speed from the Doppler shift in the acoustic frequency.  Sodars vary in the acoustic frequencies they use. Some use several tones, while others use a single frequency. Some models allow the user to select one or many frequencies.  The frequencies used range from 2 to 5 kHz.  

In general there are two techniques implemented in sodar design:  phased arrays or a 3-antenna configuration.  Phased array sodars consist of a phased array of emitters (speakers), which acts to steer the acoustic pulses such that the individual components of the wind (two horizontal and one vertical; or u, v, and w) can be resolved. Three-antenna sodars use three transceivers to emit and record the backscattered signal.  The antennas are configured such that the three components of the wind can be acquired.  For the most part the sodars in use for wind resource assessment are monostatic, i.e. the same array is used for transmitting and receiving.  A review of the theory of sodar measurements is provided in Antoniou, et al. (2003).
For the purpose of this document, only sodars having a maximum vertical range of 500 m or less (i.e., mini-sodars) are addressed. 


1.3 Principles of Operation
The principles of sodar operation have been addressed in recent standards, including the ASTM standard (ASTM, 2005) on sodar operation, the German VDI standard, and in recent publications (Antoniou et al., 2003, Bradley et al., 2005).  As such, it is not necessary to provide a detailed description of sodar principles of operation here, but only to summarize.  

Sodar relies on scattering of an acoustic pulse back to the source (monostatic) or toward a receiver displaced horizontally from the source (bistatic).  In the case of monostatic sodars, the scattering elements are small-scale temperature inhomogeneities resulting from atmospheric turbulence, whereas for the bistatic case, either temperature or velocity fluctuations can contribute to the scattering.  The largest amount of backscattering results from turbulent fluctuations with length scale of about ½ of the wavelength of the sound pulse; this type of scattering is known as Bragg scattering (Neff, 1990).  A monostatic sodar equation can be expressed as (Underwood, 2003):
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where P(R) is the received power, Po is the transmitted power,  is the atmospheric attenuation, (R)E is the scattering cross-section at range R.  The term PoALv can be described as a “system function”.  

1.4 Overview of sodar/anemometer comparisons
Sodar/anemometry comparisons have been published in many locations for example Bradley et al., 2006, Crescenti 1997, and in the proceedings of the American Wind Energy Association and the European Wind Energy Association.  Where adequate compensation for the differing physics of sodar and anemometry has been done, wind speeds from sodar agree with mechanical anemometry within the uncertainty of the anemometry in the field.
2.0 Calibration and Testing

Since sodar measures the wind speed in an elevated layer of air not typically accessed by other measurement systems (such as meteorological masts), calibration and test techniques often differ from those used for mechanical anemometry (EPA, 2000).  The available techniques are described below:

2.1 Performance Audit Techniques

1. Sodar calibration and testing. Some sodars have calibration tools and techniques specific to the type or model of sodar.  In these cases, it is possible to test one or more of the following characteristics:

a. the sodar array’s response to known input frequencies.  The results should be expressed as m/s wind speed per Hz of frequency shift. Check for both accuracy and resolution.

b. the output pulse length, frequency and quality, to see if they conform to what they are supposed to be.  Beam steering for phased-array systems should also be confirmed by making phase angle measurements.

c. the condition and output of individual array elements (in phased-array systems) to ensure that all are operating properly

d. to provide “challenge” input pulses with programmed delay and frequency (transponder test) corresponding to specific wind speed and direction at specific heights.

e. user-accessible test points where an oscilloscope can be used to check on the condition of electronic components.

2.2 Comparison with Mechanical Anemometry

2. Comparison with mechanical anemometry on nearby tall masts. Sodars in general must be placed at some distance from obstructions such as masts.  When comparisons with tall towers are done as a means of calibration, the comparison should be done in simple terrain with low or at least uniform roughness.  Additionally, the calibration of the mechanical anemometers must be well documented, and any sources of bias between the two resulting from differing measurement techniques, physics and exposures must be accounted for. (Bradley et al., 2005).

3. Comparisons with rawinsonde data.  Comparisons of wind conditions measured by sodar and rawinsondes are feasible, although balloon soundings of the atmosphere typically have low vertical resolution in the first 100 m above ground level.  Balloons also move horizontally and vertically, and there will be low temporal resolution as well. Therefore this technique has limited application and is best done in areas consisting of simple, homogeneous terrain.

4. Comparisons with tethered balloons. Tethered-balloon systems equipped with a meteorological sensor package can also provide a general check on sodar performance, although for wind energy resource assessment applications, this method is not sufficiently accurate for calibration purposes.

Calibration procedures and schedules should be documented thoroughly to support the use of sodar in any wind resource assessment program.  The documentation should include dates and locations of calibration tests, the names of personnel involved, and the serial numbers of test equipment used (e.g. oscilloscopes or laptop computers running test programs).

Calibration should be done at least every six months for any sodar that is in continuous use.  The best practice is to calibrate every two to three months or before any given measurement campaign, especially if long-distance transport or harsh conditions have been experienced by the sodar. 

2.3 Verification of sodar performance against standard models

Another testing procedure would involve the use of standard instruments for testing.  Such a procedure would require three steps:


a. The verification of a reference instrument by each manufacturer.  Manufacturer’s verification would include the internal audit procedures using traceable standard test instruments and components, followed by a comparison with mast anemometry at a test site.

b. Subsequent models of the same sodar make and model should be verified by the manufacturer on their own test site, with third-party certification of the test validity.


c. The reference sodar system should be retested regularly (annually) to verify that there is no drift or wear in the components or calibration.
3.0 Operating Requirements

Retrieving and evaluating sodar data daily using remote communications (digital, analog, or satellite) is recommended.  Some expertise and experience is required to assess the quality of sodar data.  

Sodar should be operated at a site for a sufficient period of time to collect a representative and statistically robust sample of meteorological conditions for the desired range of wind speeds and directions.  When comparing sodar data with a reference wind measurement location, the data recording interval for both systems should be the same.  Clocks within the data recorders for both systems should be synchronized.  

Because the backscattered sound measured by sodar is dependent upon spatially distributed turbulent temperature fluctuations, and these fluctuations are not necessarily evenly distributed within a height interval (i.e., range gate), very short measurement periods (less than a few days) are generally not very useful.  Temporal averaging will smooth out the variation and provide better reliability and comparability with other measurements.  Initial evaluation of the quality of sodar data generally depends on at least 12 hours’ data, preferably when wind speeds are 4 m/s or greater at the height level of interest (e.g., wind turbine hub height).

3.1 Temperature 

All sodars require some kind of temperature setting or measurement as input.  This setting allows the sodar to accurately compute the speed of sound, which in turn determines both the altitude assigned to returned echoes, and, for phased-array systems,  the vertical tilt of the acoustic beams.  Because the sodar determines the horizontal components from the component radial velocities in the tilted beams, the beam tilt angle variation with temperature can contribute to statistical error in the derived horizontal speed.  Therefore, a realistic mean ambient temperature setting should be entered, or, if the temperature setting is updated automatically from a sensor logged with the sodar, this option should be chosen in software.

3.2 Precipitation  

Precipitation can cause acoustic noise and/or scattering of sound back to the sodar.  For this reason, periods of precipitation should be removed from the sodar data stream.  In some sodars, data acquisition can be automatically turned off when precipitation is sensed.  For others, it is necessary to screen the data during post-processing in order to remove periods that are affected by rain or snow.

At mid- and high-latitudes, a provision must be made for the removal of accumulated snow or ice from the sodar’s acoustic array and/or the reflector board.  In some sodars a heater is provided which can be activated automatically when it snows.  However, for sodars operated off-grid, it may not be practical to provide sufficient power to do this.  In this case, manual removal of snow will be necessary to maintain a quality data stream.  Field notes should be kept on snow accumulation in the sodar, so that data quality during those periods can be scrutinized.  Even a light accumulation of snow can result in damped acoustic signals and poor altitude performance.

3.3 Vertical Range and Resolution

The total possible vertical range of sodars in common use for wind energy resource assessment varies from 200 to 500 m.  The maximum possible height for a particular sodar depends largely on the emitted power; however, the actual maximum height achieved at a particular site is determined by ambient atmospheric and noise conditions, and by the software settings, for example the threshold for acceptable signal-to-noise ratio.  Very dry or very noisy conditions, for example, will tend to limit the maximum achievable altitude performance.
Sodar produces acoustic pulses of discrete physical length (i.e. the pulse period in seconds times the speed of sound in m/s).  The backscattered sound received from the atmosphere at any given time represents an integral of the sound through a depth related to the length of the pulse.  The vertical resolution of the sodar wind measurement, or the ability to distinguish between signals returned from different heights above the ground, depends primarily on three things: the acoustic pulse length, the sampling rate, and the number of samples required to convert from the time domain to the frequency domain (Fast Fourier Transform, or FFT).   The choice of pulse length affects both the vertical resolution and the total height to which measurements can be made.  The number of samples in each range gate affects the frequency resolution and hence the overall system accuracy.

Sodar users should be aware of the tradeoffs that are inherent in making choices between vertical resolution and frequency resolution.  An optimal set of choices for any given instrument and measurement protocol should reflect this balance among altitude performance, frequency resolution and vertical resolution.  
Although most sodars will output a data point for every 5 m depth, the actual vertical resolution is not better than 10 m (± 5 m) in most circumstances, and it may be closer to 20 m (± 10 m), because of the issues just cited.  At adjacent range gates closer than the vertical resolution there is ”overlap” of information among the data.  In a “regular” wind profile, the samples in the center of the range gate will tend to be weighted more than the samples at the extremes.  


3.4 Reliability Criteria

One output of most sodar systems is a measure of the signal-to-noise ratio (SNR), which is an indicator of data quality.  In normal operation, SNR varies with the time of day because the amplitude (strength) of the backscattered acoustic pulse is dependent on the presence of turbulent temperature fluctuations.  Periods when there is little or no sensible heat flux in the boundary layer (neutral conditions), and therefore little in the way of temperature variations, will produce less backscattered signal, and lowered signal-to-noise ratio. Low SNR can also result from very low humidity conditions.   In addition, both acoustic noise and electronic noise can degrade the SNR or lead to false signals. Therefore an important operating characteristic for sodar is the SNR as one indicator of data quality.  

Absolute values of the computed SNR vary with sodar manufacturer, with site conditions, and atmospheric conditions.  Plotting time series and vertical profiles of SNR can aid in establishing appropriate settings and the later identification of suspect data periods.  The choice of threshold SNR to use for acceptable data depends to some degree on the site and conditions.  A very noisy site may require a higher SNR to achieve quality data, while a quiet site may allow for a lower SNR threshold.  When the sodar is set up at a particular site a good practice is to observe spectral data and SNR to determine if sufficient data of good quality are being acquired with acceptable altitude performance.
4.0 Siting and Noise

Sodar should be located at a site that is representative of the prevailing wind conditions for the area of interest, similar to the way in which meteorological masts are sited.  The sodar should be placed on firm and level ground, and should be anchored if there is a risk of toppling due to high winds.  Sodar siting must also take into account unwanted sources of ambient noise, fixed echoes, and sources of electrical noise, which can deteriorate data quality.  Regardless of whether the sodar is being deployed operationally for wind resource assessment, or for system test and verification, the same siting criteria should be applied.
4.1 Acoustic Noise (passive and active)

It is good practice to develop an understanding of the acoustic environment in which the sodar is operating, and optimize settings for that environment.  When siting a sodar system, consideration should be given to the location and spatial distribution of all potential acoustic sources and scatterers, whether atmospheric or not.

Fixed echoes, or passive noise, must be avoided when siting sodar.  Any backscattered sound coming from fixed objects (masts, trees, buildings, etc.) is returned to the sodar with zero Doppler shift.  If this signal is as strong as or stronger than that from the atmosphere, the sodar wind speed measurement will contain a low bias. Although most sodar manufacturers provide software options for the detection and elimination of fixed echoes, the best practice is to avoid them in the first place by observing adequate setback distances, if at all possible.  A starting point is to observe a setback distance no closer than the height of any fixed object in the vicinity.  However, other considerations must be accounted for as well.

Knowledge of the sodar’s acoustic beam geometry can be used to orient the sodar such that the side lobes strike objects such as buildings at an oblique angle. In this case, the echo is not reflected directly back to the sodar, and the fixed echo effect can often be minimized.  However, with obstacles such as trees, it can be difficult to find an orientation in which fixed echoes are not occurring.  Trees also present a large amount of surface area for reflection of sound, which can result in multiple scattering of sound.   The required distance to obstacles depends on the site, and how many obstacles there are (i.e. how much total surface area).  

A further consideration is the sodar beam geometry; a smaller tilt angle from the vertical for the horizontal velocity components should result in less interference from obstacles at lower heights. However, strong winds can refract (bend) acoustic beams, resulting in fixed echoes from objects which are theoretically below the main acoustic lobes.  Some mitigation of the fixed echo effect may be achieved with additional acoustic baffling around the sodar.

Detection of fixed echoes can be done by examining vertical profiles of wind speed, signal amplitude, and SNR.  In general the wind speed should increase with height, while the amplitude and SNR should decrease with height.  A consistent deviation from these conditions at a particular height is diagnostic of a fixed echo.  

Acoustic noise (active noise) can interfere with sodar measurements by presenting false signals near the sodar’s acoustic frequency(ies) or by causing a degradation of the SNR, which results in degraded altitude performance.  Active noise sources can include machinery such as generators or air conditioners, insects and birds, and even the wind itself blowing through and around trees or guy wires (Crecscenti, 1998).  Siting procedures should include an assessment of ambient acoustic noise using a noise meter or the sodar in “listening” mode.  Audio recordings, especially those done using the sodar’s antenna as the microphone input, can be very helpful in assessing the nature and impact of ambient noise.  Acoustic shielding from some noise sources (e.g. generators) can be effectively obtained from bales of hay or other sound-absorbing material placed around the noise source.  


4.2 Electronic Noise

Input signals should be examined for the presence of radio frequency interference (RFI) or other electronic noise produced by power supplies, inverters, communication equipment, fans, etc.   If electronic noise is present, it can sometimes be diagnosed from audio files made through the sodar antenna, or with the use of an oscilloscope at various test points in the sodar.  Depending on the source of electronic noise, it may be necessary to employ filters, shielding, or a different physical spacing of the electronic components in order to reduce it.


4.3 Public Annoyance

The ongoing beeping or chirping of a sodar can be an annoyance to people living nearby.  If a sodar is going to be operating 24 hours a day for some period of time, it is best to site it far enough from residences so as to minimize this annoyance.

5.0 Power Supply and Site Documentation

Although power consumption for most sodars has decreased considerably in recent years, sodars still consume more power than the typical mechanical anemometry used in wind resource assessment.  Power should be sufficient to maintain continuous operation of the sodar, as well as any communications equipment used for remote access of the instrument.  If the sodar is operated off-grid, some means of maintaining battery charge (generator, PV, wind generator) must be supplied.  In mid- to high-latitudes, PV charging that is sufficient in summer may have to be supplemented with another charging method in winter.

Site documentation should be similar to that done for meteorological mast measurements.  Particular attention should be paid to the following items:

· Sodar antenna rotation angle should be measured as accurately as possible (one degree) with respect to true North. The sodar should also be within 0.5 degree of level. 

· Any obstacles which could produce fixed echoes should be documented in an obstacle vista table with entries for azimuth, distance, elevation angle of the obstacle, and the degrees of arc occupied by the obstacle.

· Any obstructions to wind flow and major changes in surface roughness should be noted for each wind direction. 

· The coordinates and elevation of the sodar and co-located mast (if any) should be recorded.

· The site’s slope and aspect should be measured.

· The distance and azimuth to any local mast used as a reference should be recorded.

· Ambient noise sources should be noted and an audio record made, if possible.

· There should be an onsite rain gauge or precipitation sensor that is logged, to allow either for the suspension of sodar measurements during precipitation, or the removal of those periods from the valid data set.

· If sodar is used near existing wind turbine, it should be placed upwind in the prevailing direction.

6.0 Data Collection and Processing

A sodar’s data outputs comprise the basic information sought by a sodar measurement campaign to define certain atmospheric characteristics, such as wind shear.  The robustness or temporal representativeness of the results depends on the duration of the measurement campaign and on the exclusion of precipitation periods.  When comparing results of a sodar campaign with results from another measurement system (e.g., mast), fundamental differences in measurement techniques must be accounted for.


6.1 Data Parameters and Sampling/Recording Intervals 

Sodars provide many output parameters.  Primary outputs include all three component wind velocities (two horizontal, and the vertical) and their standard deviations.  In addition, some combination of the signal amplitude, noise amplitude and/or the signal-to-noise ratio, as well as the maximum height of reliable data, is also provided.  There is a wealth of information both about the sodar performance and about the meteorological conditions that can be derived from this assemblage of outputs.  Some sodars also provide estimates of meteorological parameters such as the standard deviation of the wind direction, the height of the inversion layer, the sensible heat flux or the momentum flux.  The degree of accuracy or reliability for derived parameters depends on the sodar and the environmental conditions; it is best to check such derived parameters against other onsite instrumentation.

Recording intervals should be the same as those being used by other measurement systems with which the sodar will be compared.  Another consideration is that setting the maximum desired altitude affects the number of samples included in each recording interval.  For example, setting the maximum altitude to 200 m results in about 15% fewer samples (chirps) per 10-minute recording interval, as compared to setting the maximum altitude to 150 m.  
6.2 Calculation of Wind Shear

Sodar produces a complete wind profile in the desired altitude range, with the actual height interval for data output determined by software settings, e.g., every 10 m.  As a result, the shear parameter can be determined between any two heights z1 and z2, and changes in the shear parameter can be detected throughout the measurement range.  The shear parameter (α) is given by:
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The underlying assumption in the use of the shear parameter for extrapolation is that a single power law wind profile pertains to the layer of interest.  An alternative formulation of the wind profile, with more basis in physics, is the neutral logarithmic profile:
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Where U(z) is the wind speed at any given height above the ground, u* is the friction velocity, k is the von Karman constant, and z0 is a roughness length.  Plotting sodar wind speeds against the ln(z) can indicate: 1) any non-uniformity in the wind profile which can be due to upwind changes in roughness or terrain, 2) the upper limit of the meteorological surface layer, i.e. the layer for which the logarithmic profile pertains, and 3) the roughness length z0 as a function of wind direction.  Deviations from the logarithmic profile nearer to the surface can be accounted for with a displacement height parameter d:
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This parameterization, mainly used as a convenience for computational purposes, is commonly interpreted to mean that the displacement height is a kind of “virtual surface” representing the mean height of momentum absorption.  

As with shear calculations based on mechanical anemometry, only wind speeds greater than 4 m/s should be considered in the calculation of the wind shear at a site for wind energy purposes.  This is the wind speed below which most wind turbines do not produce power.


6.3 Measurement Period

The decision about how much sodar data to collect at a site depends on the objective of the study.  For example, one criterion might be to collect enough qualified data to achieve 95% confidence bounds of ±0.02 around the mean shear exponent for the prevailing wind direction sector(s).  This criterion can often be achieved in as little as 3 weeks, if there are enough observations with wind of sufficient speed from the important energy-producing wind direction sectors.  However, in other cases, either a longer period might be required or measurement periods in different seasons may to necessary, to achieve sufficiently representative data.  

Another approach to determining the duration of a sodar study is to achieve target confidence limits around the speed difference with a reference meteorological mast located some distance from the sodar site.  Whether the criterion is based on confidence bounds around the shear or the speed differences, it is best to use whatever pre-existing information there is about a site, such as seasonal variability in shear, atmospheric stability, or wind direction distribution, to help determine the period duration (and number of seasonal periods) needed to achieve a representative data set.


6.4 Exclusion of Precipitation Periods

Acoustic signals can be scattered back to the sodar from hydrometeors (rain drops or snow flakes), depending on the acoustic frequency.  In addition, there can be noise from raindrops striking the exposed area of antenna or transceiver.  It is best to check with the manufacturer regarding the effect of precipitation on sodar data quality; for most sodars, periods of precipitation must be removed from the data. Even after removal of periods with recorded rain or snowfall, the data should be screened for periods of excessive negative vertical velocity, which may indicate that light precipitation, unrecorded by a gauge, was occurring.  Such screening can be achieved through examination of the time series of vertical velocity. 


6.5 Comparisons with Mechanical Anemometry

Since sodar data are almost always referenced to ongoing mechanical anemometry, whether co-located or at some distance from the sodar site, bias between mechanical anemometry and sodar wind speeds arising from differing underlying physics between the two should be addressed in data processing.  Bias between the two can be attributed to several factors:

· Sodars generally report a vector-average wind speed, while cup anemometers yield a scalar average.  The vector average can be as much as 5% lower than the scalar average, but the median difference is generally closer to 2-3%.  A conversion between the two can be made using the standard deviation of the wind direction, if a mechanical wind vane is present, or using an empirical relationship with the sodar sigma-w (standard deviation of the vertical wind velocity), for instance.  
· The tilt angle of the off-vertical acoustic beams of the sodar phased array is subject to variation due to temperature.  Most sodars have an ambient temperature setting which is generally set to some average value for the period of measurement.  However, depending on the acoustic beam geometry, greater wind speed measurement accuracy will be achieved if either a correction based on the temperature-tilt angle relationship is made after the data are collected, or an in-situ temperature measurement is used to calculate and adjust the tilt angle as the data are being collected.

· Mechanical anemometers can overestimate the wind speed due to overspeeding resulting from turbulence or off-horizontal flow.  The magnitude and characteristics of overspeeding vary with the anemometer.  These effects should be accounted for when making comparisons between sodar and anemometers.

· The geometry of the sodar acoustic beams may be such that in cases where there is an inhomogeneous wind field, the different off-vertical beams may be probing flows of different characteristics.  This could be detected by gross discrepancies in the wind direction, compared to a nearby tower.

· Sodar calculates the wind speed in a volume of air, in contrast to the “point” measurement provided by mechanical anemometers.  If the wind profile has very high shear in it, this will cause the sodar speed at the lowest heights to be lower than a point measurement centered in the sodar volume, by as much as 3 to 4%.  This will result in a concomitant increase in the shear of as much as 5%, depending on the surface roughness.  If the shear decreases with increasing height, then this effect will also decrease with height.  This example supposes a volume average 20 m in depth, and a 50/30 m shear parameter (point measurement) of 0.40.

Comparisons between sodar and mechanical anemometry should include a careful examination and verification of the location and characteristics of the anemometry.  Characteristics to examine or verify include measurement levels of mast-mounted sensors, directional orientations of sensor booms from the mast, distances between sensors and mast hardware, sensor calibration constants, changes in instrumentation, etc.  Valid measurements for the anemometry should exclude periods of detectable mast-induced flow interference (e.g., tower shadow), periods when icing is occurring, or periods when other types of measurement problems are occurring.

7.0 Other Considerations for Incorporating Sodar Information into a Resource Assessment Program

For many applications, sodar will likely be used for relatively short periods of time and the results compared to longer-period measurements taken by ongoing meteorological masts.  Evaluation of the seasonal representativeness of the sodar measurement period should be done by examining the seasonal changes in the shear at the site of interest.  In many cases no adjustment need be made, but in cases where the shear is expected to change significantly by season, sodar should be deployed accordingly.

Beyond the factors described in Section 6.5, significant discrepancies between results obtained by sodar and conventional mast anemometry may still occur and understanding of the source(s) of such discrepancies should be sought.  An obvious potential source of discrepancy can be the separation distance between the two measurement systems and the corresponding differences in upwind fetch, surrounding surface roughness, ground-base elevation, and other physical factors.   Differences in location between measurement systems, therefore, must be accounted for when utilizing sodar to estimate wind shear conditions above existing meteorological masts.
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