1 Introduction
The mission of the AmeriFlux quality assurance and quality control (QA/QC) laboratory is to “enhance data quality and ensure consistency in eddy covariance measurements within and among sites” throughout the network (http://terraweb.forestry.oregonstate.edu/QAQC.htm).  To accomplish this goal, we collect side-by-side meteorological, radiation, and eddy covariance (EC) measurements at network sites using a high quality portable EC system, described below.  Data post-processing is conducted using in-house software routines (written in MATLAB) rather than commercially available or open source programs.  The purpose of this document is to describe the data processing steps taken by the QA/QC team to serve as a resource for others implementing eddy covariance methods.

The processing steps outlined below are not intended to serve as an extensive ‘how-to’ guide, as those can be found elsewhere (Aubinet et al., 2000; Burba and Anderson, 2010; Aubinet et al., 2012).  Furthermore, for each post-processing step, there may be multiple approaches available and this document does not elaborate on those alternatives.  In some cases, our approach is dictated by the limited duration (~7-10 days) of measurements during site visits.  Site specific corrections are commonly developed and may provide a beneficial alternative approaches to those discussed below.
2 Portable system
The AmeriFlux Portable Eddy Covariance System (PECS) is carefully and frequently calibrated using standards that are traceable to primary scales and first principles in order to preserve the precision and accuracy of their measurements and to assure consistency over time. As flux methods and technology have matured over time, the PECS has undergone generational upgrades (Table 1).  Despite these generational changes, we have maintained traceable calibrations over time to provide a consistent record of the inter-comparability of network data. 

3 Data processing

3.1 Data screening
Conversion from voltage readings to physical units is done prior to screening of data.  Data are then screened using manually prescribed plausibility limits, which are generously defined upper and lower bounds for each measured variable.  For data from the IRGAs, additional criteria are used based on the signal strength across the optical path (automatic gain control (AGC) values).  Spurious data (i.e., spikes) are detected by identifying values outside of a range of mean ± n*(standard deviation) over a sliding window, where n is typically 3-6 (Vickers and Mahrt, 1997).  Identified spikes are replaced with interpolated values based on the value of nearest neighbors (Vickers and Mahrt, 1997).
3.2 Coordinate rotation
A double rotation of the three-dimensional wind data (u, v, w) from a sonic anemometer is conducted to first align u into the mean wind direction (i.e., rotation around z-coordinate) and secondly to set the mean vertical wind speed, w, to zero (i.e., rotation around y-coordinate).  Alternate coordinate rotation methodologies (e.g., planer fit) using site specific tilt angle corrections may be appropriate at individual sites but the short duration of measurements collected by the portable system limits their application in our processing routines.
3.3 Lag correction
Temporal offsets between the sonic and IRGA data due to sensor separation or long sample inlets are calculated using an automated procedure to maximize the absolute value of the correlation coefficient between the sonic (i.e., vertical wind, w) and IRGA data (i.e., water vapor, a, and carbon dioxide, c, concentrations).  Lags for each scalar are calculated independently.  To minimize excess computation, predefined maximum lag limits are defined (~1 s).  The lag adjusted time series are padded with the mean value of the processing window.  

3.4 Covariances
Covariances for each processing period are calculated for  EQ \O(u’w’,¯¯¯¯),  EQ \O(v’w’,¯¯¯¯),  EQ \O(w’Ts’,¯¯¯¯),  EQ \O(w’a1’,¯¯¯¯),  EQ \O(w’c1’,¯¯¯¯),  EQ \O(w’a2’,¯¯¯¯),  EQ \O(w’c2’,¯¯¯¯),  EQ \O(w’ T2cell’,¯¯¯¯¯¯),  EQ \O(w’ p2cell’,¯¯¯¯¯¯) where u, v, w are the rotated sonic wind components, Ts is the sonic temperature, the subscript 1 refers to the open path IRGA, and 2 is the closed path IRGA.  C refers to concentrations (or densities) of CO2 and water vapor, respectively.
3.5 Sensible heat
The sensible heat flux is calculated from the covariance of w and Ts and corrected for water vapor effects (Schotanus et al., 1983).  For the CSAT sonic anemometer, no cross wind correction (Liu et al., 2001) is applied, as it is done within the instrument.  To express the sensible heat flux in energetic units, the heat capacity and air density are calculated as functions of temperature, pressure, and humidity.    
3.6 Frequency corrections
Covariances are corrected for frequency attenuation using the analytical method of Massman (2000, 2001).  No high pass filter (e.g. linear detrending) is applied in the data processing steps so the functional form of the frequency correction only includes contributions for the approximated cospectrum, block averaging, and low pass filter.
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where b=2πfxτb, p=2πfxτe, and α=0.925 (Massman, 2000; 2001).  The time constant for block averaging, τb, is approximated from Massman (2000).  Low pass filter time constant, τe, includes terms related to instrument design and deployment and is given by:
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where τi is the time constant for each low pass filter (e.g., sensor separation, line averaging, tube attenuation) as given in Table 1 in Massman (2000).  We adopt recommendations for the open path band width time constant based on Hollinger et al. (2004) and closed path tube attenuation based on Shimizu (2006). The term, fx, refers to the frequency where the cospectrum reaches is maxima and is given as a function of stability in Horst (1997) and Massman (2000).
3.7 Webb, Pearman, Leuning (WPL) terms
The WPL terms are calculated to account for changes in scalar (CO2, H2O) density due to fluctuations in temperature, water vapor, and pressure (Webb et al., 1980).  Frequency corrections are applied to the covariances prior to calculating the WPL terms (Massman, 2004).  
The WPL pressure term for the open path sensor is not currently included due to measurement limitations.  Fluxes from the enclosed path sensor (LI-7200) are calculated in two manners: using scalar density and using scalar dry mixing ratios.  All WPL terms are included for fluxes calculated from scalar density.  We have found that the shorter inlet tube (~1 m) used in the enclosed path sensor is not long enough to attenuate temperature variations (Rannik et al., 1997).  WPL terms are not required for fluxes calculated directly from mixing ratios and show excellent correspondence to WPL corrected density fluxes (Burba et al., 2011).   
3.8 Quality checks
Quality flags are generated for turbulent fluxes over each averaging period.  An overall quality flag is based on three tests for steady state conditions, the development of turbulent conditions, and wind direction relative to the sonic anemometer (as the CSAT3 is not omnidirectional) (Foken et al., 2008).  
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