Field data processing at the UNL SandHills Flux Sites:

This document is intended as a top to bottom description of what happens to the eddy covariance data, collected with the UNL SandHills grassland “dry valley” site at the UNL Gudmundsen SandHills Research Lab (GSRL).  This description applies to data from the dry valley (US-SH1) site.  During this experiment, raw eddy covariance data are collected by a program called HuskerFlux, version 1.07 (or an upgraded version).  This program runs on a small, single-board computer (SBC), under either the Microsoft Windows 2000 (SP4) or Windows XP (SP2) operating systems.  The data are logged into day-long files that begin and end at midnight.  The computer clocks are set to UTC.  There are 4 files associated with each day.  They all have the same file name:  GSL-2-ddd where ddd is the day-of-year.  The 4 file name extensions are .eyy, .iyy, .oyy, or .ryy where yy are the last two digits of the year.  The .eyy file contains information about certain errors that occur during operation, the .iyy file contains non-error information, the .oyy file contains human-readable output of averages, fluxes, covariances, etc. and the.ryy file contains the raw, high-frequency data.  This is the most important of the four files.

I.)	Initial Processing With HuskerProc (.ax level)

Raw data are stored in binary files as 2-byte integers, and represent the 10 Hz outputs of the Gill R3 sonic anemometer and the LiCor LI-7500 IRGA. We describe here, the processing procedures used by the HuskerProc system (running under Windows 7).  There are several variants of this system including a GUI, stand-alone version that is used mostly for diagnostic purposes, and a command line version that is usually used for production runs.  One of the parameters input to HuskerProc by its setup file is the averaging period length.  30 minutes will be used throughout this project.  When HuskerFlux is started (and at every subsequent midnight), a full-day data file (for the next day) is generated and filled with zeros.  As data comes in, the zeros are over-written in the appropriate locations.  Because of this, if the program is started at a time other than midnight or is started and stopped, there may be data gaps.  The first task that HuskerProc performs is to examine the data file and mark the individual averaging periods (as determined by the setup file) as complete or incomplete.  An incomplete period is defined as one in which 2% or more of the data are missing.  HuskerProc then performs a “circular covariance” calculation and determines an optimum delay time (between the sonic and IRGA data) for each covariance (or flux) requested in the set up file and shifts the data appropriately.  This can be overridden with an appropriate switch in the set up file.  Next, any voltages or other quantities read from the raw data file are converted to appropriate engineering units according to one of several algorithms selected in the set up file.  After this, HuskerProc does a quality check of the data.  A moving window (of length specified in the set up file) is passed over the data, and spikes or out-of-range values (as determined by parameters in the set up file) are replaced with the mean value from the current window.  The three orthogonal wind speeds are then rotated into a coordinate system where the vertical and cross wind mean velocities are zero.  At this time (May, 2009) there is no provision to use the planar fit method, but it will hopefully be added in the future.  It should be noted that in all of the previously described operations, double precision (8-byte) arithmetic is used to preserve result precision.

The heart of HuskerProc is the statistical analysis of the time series collected by HuskerFlux.  Because this usually involves the summations of large numbers of data points, several steps have been taken to assure the best precision and to minimize round-off errors.  First, all statistical calculations are performed in “double precision” arithmetic… that is, as 8-byte real numbers.  Second, variances are computed using the “corrected two-pass algorithm” as described in Numerical Recipes in Fortran (NRF).  Statistical descriptors (skewness and kurtosis) are also calculated as described in NRF.  Covariances are calculated in this step.  To provide an estimate of the flux error, the method of Finkelstein and Sims (J. Geophys Research, 106, 3503 – 3509, 2001 also see Billesbach, Ag. and Forest. Met., 151, 394 – 405, 2011) is used to calculate the “variance of the covariance” for all fluxes.  These uncertainties are then propagated through any relevant transformations to yield correction factors and final fluxes.

From these covariances, fluxes are calculated using standard definitions.  HuskerProc will also read an (optional) meteorology file that, if present, is used to adjust several “constants” such as the latent heat of vaporization, specific heat of air, air density, etc.  This information is also used to calculate several ancillary quantities such as saturation vapor pressure, vapor pressure deficit, etc.  This information is culled from the slow response data file.  If this file is not present, HuskerProc uses a set of standard default values (P=96.0 kPa, T=20.0 C, RH=40%).  During this step, certain, routine corrections are applied to appropriate fluxes such as cross-wind (when appropriate) and humidity corrections to sensible heat.

A set of corrections and other quantities are also calculated.  These include the full set of Webb-Pearman-Leuning terms, frequency corrections (ala Moore) (which are only applied in the cumulative .b1 and all .c1 files), friction velocity (u*), and the Monin-Obuknov stability parameter (z/L).

All of these are output into a human-readable file, and to a comma separated text file (csv) as determined by an output setup file.

II).  Quality Control and Meshing With Slow Response Data. (.bx level)

In the next processing step, the csv files are concatenated into a single file, combined with the outputs from the slow response data loggers, and a set of quality control parameters are generated.  Additionally, the netCDF files for submittal to the ARM archives are generated.  This process is accomplished by a program named “netCDF_generate”.  The details of the QA/QC process are contained in the Birth Of a Dataset (BODS) file.  This process results in the .b1 product which is the most highly processed product sent to the ARM archive.  The files produced for the ARM archive are stored in netCDF format and are of a single day length.  In addition to these, a more refined version of the .b1 product (including frequency corrections) is provided in CSV format.  This file is cumulative and will grow to a year in length.  The .b1 product is the one that is currently being submitted to AmeriFlux with the hope of soon producing an improved, gap-filled version for later submission.

III).  Gap Filling. (.cx level)

The last processing step is gap filling and application of a u* filter.  Filter cutoffs are determined (by hand) by examining approximately 7 to 10 day blocks of nighttime fluxes, plotted as a function of u*.  A slope is estimated from the value of the flux at the cutoff u*.  These cutoffs and slopes are entered into a setup file for each block.  As each line of the .b1 file is read, the measured u* value is compared to the appropriate cutoff value.  If it is smaller, then the corresponding measured flux value is adjusted as:

                Fcorr = Fmeasured + (u*cutoff – u*measured) x slope

This procedure recognizes the fact that there appears to be a correlation between u* and NEE during night time hours (see Gu et al, Ag. & Forest Met. 128, pg 179-197, 2005).  Often this correlation takes the form of a mostly linear relationship up to some asymptotic value.  It is not exactly clear if it’s a good thing to make this correction, so the value of “slope” is currently set to zero.

If the flux was (or would’ve been) adjusted, 64 is added to its QC value.  After this step, the data set is gap filled.  First, all gaps are marked and those of 4 or fewer consecutive periods are replaced by linear interpolations of the preceding and following good values.  Larger blocks are filled with the average of all good values from the previous and following 7 days for that particular time.  When a value is gap filled, its QC value is multiplied by –1.  NEE, H, LE, and u* are all filled.  Data are output to three files (all, day, and night) and are designated as the .c1 level product.


The QC flags are as follows:

0 	no issues
1 	missing data
2 	value below minimum or above maximum
4 	dependency failure

Note:  a negative sign is attached to the QC value to indicate that the value was changed by either the gap filling algorithm or the u* filter.  Maxima and minima are fixed values and spikes are determined as data values that lie outside a fixed number of standard deviations from the mean of a 600 second moving block average.

IV).  Output File Description

In the table below, variable names for the columns of the .b1 and .c1 files are listed and defined as well as the max, min, and spike conditions.

	Col.
	Variable
	Spike (in σ)
	Max value
	Min value

	1 1
	Begin Time of Year (TOY)
	N/A
	N/A
	N/A

	2 1
	Year
	N/A
	N/A
	N/A

	3 1
	Day of Year (DOY
	N/A
	N/A
	N/A

	4 1
	Begin time (CSI format)
	N/A
	N/A
	N/A

	5 6
	Rotated horiz. Wind speed (m s-1)
	6σ
	50
	0

	6 6
	Std dev rotated horiz. Wind speed (m s-1)
	N/A
	N/A
	N/A

	7 4
	Rotated horiz. Wind speed QC value
	N/A
	N/A
	N/A

	8 6
	Rotated cross Wind speed (m s-1)
	6σ
	30
	-30

	9 6
	Std dev rotated cross Wind speed (m s-1)
	N/A
	N/A
	N/A

	10 4
	Rotated cross Wind speed QC value
	N/A
	N/A
	N/A

	11 6
	Rotated vertical Wind speed (m s-1)
	6σ
	10
	-10

	12 6
	Std dev rotated vertical Wind speed (m s-1)
	N/A
	N/A
	N/A

	13 4
	Rotated vertical Wind speed QC value
	N/A
	N/A
	N/A

	14 7
	Wind direction (º)
	N/A
	360
	0

	15 7
	Std dev Wind direction (º)
	N/A
	N/A
	N/A

	16 4
	Wind direction QC value
	N/A
	N/A
	N/A

	17 7
	Theta rotation (º)
	N/A
	10
	-10

	18 7
	Std dev Theta rotation (º)
	N/A
	N/A
	N/A

	19 4
	Theta rotation QC value
	N/A
	N/A
	N/A

	20 6
	Mean sonic T (ºC)
	5σ
	50
	-40

	21 6
	Std dev Mean sonic T (ºC)
	N/A
	N/A
	N/A

	22 4
	Mean sonic T QC value
	N/A
	N/A
	N/A

	23 6
	CO2 density (mg m-3)
	6σ
	1500
	400

	24 6
	Std dev CO2 density (mg m-3)
	N/A
	N/A
	N/A

	25 4
	CO2 density QC value
	N/A
	N/A
	N/A

	26 6
	H2O density (g m-3)
	6σ
	30
	2

	27 6
	Std dev H2O density (g m-3)
	N/A
	N/A
	N/A

	28 4
	H2O density QC value
	N/A
	N/A
	N/A

	29 6
	Flux CO2 (µmol m-2 s-1)
	N/A
	30
	-60

	30 3
	Err est Flux CO2 (µmol m-2 s-1)
	N/A
	N/A
	N/A

	31 4
	Flux CO2 QC value
	N/A
	N/A
	N/A

	32 6
	H (W m-2)
	N/A
	1000
	-200

	33 3
	Err est H (W m-2)
	N/A
	N/A
	N/A

	34 2
	H QC value
	N/A
	N/A
	N/A

	35 6
	LE (W m-2)
	N/A
	1000
	-50

	36 3
	Est err LE (W m-2)
	N/A
	N/A
	N/A

	37 2
	LE QC value
	N/A
	N/A
	N/A

	38 6
	ET (mm s-1)
	N/A
	20
	0

	39 3
	Err est ET (mm s-1)
	N/A
	N/A
	N/A

	40 2
	ET QC value
	N/A
	N/A
	N/A

	41 6
	U* (friction velocity) (m s-1)
	N/A
	5
	0

	42 3
	Err est U* (m s-1)
	N/A
	N/A
	N/A

	43 2
	U* QC value
	N/A
	N/A
	N/A

	44 6
	WPL H corr (µmol m-2 s-1)
	N/A
	20
	-20

	45 3
	Err est WPL H corr (µmol m-2 s-1)
	N/A
	N/A
	N/A

	46 2
	WPL H corr QC value 
	N/A
	N/A
	N/A

	47 6
	WPL LE corr (µmol m-2 s-1)
	N/A
	20
	-20

	48 3
	Err est WPL LE corr (µmol m-2 s-1)
	N/A
	N/A
	N/A

	49 2
	WPL LE corr QC value
	N/A
	N/A
	N/A

	50 6
	Monin Obukhov length (m)
	N/A
	N/A
	N/A

	51 3
	Err est Monin Obukhov length (m)
	N/A
	N/A
	N/A

	52 2
	Monin Obukhov length QC value
	N/A
	N/A
	N/A

	53 8
	Freq correction for LE and CO2 flux
	N/A
	N/A
	N/A

	54 3
	Err est Freq correction for LE and CO2 flux
	N/A
	N/A
	N/A

	55 4
	Freq correction for LE and CO2 flux QC value
	N/A
	N/A
	N/A

	56 8
	Freq correction for H
	N/A
	N/A
	N/A

	57 3
	Err est Freq correction for H
	N/A
	N/A
	N/A

	58 4
	Freq correction for H QC value
	N/A
	N/A
	N/A

	59 8
	Freq correction for u*
	N/A
	N/A
	N/A

	60 3
	Err est Freq correction for u*
	N/A
	N/A
	N/A

	61 4
	Freq correction for u* QC value
	N/A
	N/A
	N/A

	62 9
	Pressure (kPa)
	N/A
	100
	80

	63 10
	Std dev Pressure (kPa)
	N/A
	N/A
	N/A

	64 4
	Pressure QC value
	N/A
	N/A
	N/A

	65 9
	T air upper (ºC)
	N/A
	45
	-35

	66 10
	Std dev T air upper (ºC)
	N/A
	N/A
	N/A

	67 4
	T air upper QC value
	N/A
	N/A
	N/A

	68 9
	T air lower (ºC)
	N/A
	45
	-35

	69 10
	Std dev T air lower (ºC)
	N/A
	N/A
	N/A

	70 4
	T air lower QC value
	N/A
	N/A
	N/A

	71 9
	RH upper (%)
	N/A
	100
	0

	72 10
	Std dev RH upper (%)
	N/A
	N/A
	N/A

	73 4
	RH upper QC value
	N/A
	N/A
	N/A

	74 9
	RH lower (%)
	N/A
	100
	0

	75 10
	Std dev RH lower (%)
	N/A
	N/A
	N/A

	76 4
	RH lower QC value
	N/A
	N/A
	N/A

	77 9
	Vapor pressure upper (kPa)
	N/A
	N/A
	N/A

	78 10
	Std dev vapor pressure upper (kPa)
	N/A
	N/A
	N/A

	79 4
	Vapor pressure upper QC value
	N/A
	N/A
	N/A

	80 9
	Vapor pressure lower (kPa)
	N/A
	N/A
	N/A

	81 10
	Std dev vapor pressure lower (kPa)
	N/A
	N/A
	N/A

	82 4
	Vapor pressure lower QC value
	N/A
	N/A
	N/A

	83 9
	H2O density upper (g m-3)
	N/A
	N/A
	N/A

	84 10
	Std dev H2O density upper (g m-3)
	N/A
	N/A
	N/A

	85 4
	H2O density upper QC value
	N/A
	N/A
	N/A

	86 9
	H2O density lower (g m-3)
	N/A
	N/A
	N/A

	87 10
	Std dev H2O density lower (g m-3)
	N/A
	N/A
	N/A

	88 4
	H2O density lower QC value
	N/A
	N/A
	N/A

	89 9
	e saturation (kPa)
	N/A
	N/A
	N/A

	90 10
	Std dev e saturation (kPa)
	N/A
	N/A
	N/A

	91 4
	e saturation QC value
	N/A
	N/A
	N/A

	92 9
	VPD (kPa)
	N/A
	N/A
	N/A

	93 10
	Std dev VPD (kPa)
	N/A
	N/A
	N/A

	94 4
	VPD QC value
	N/A
	N/A
	N/A

	95 9
	Bowen ratio (EBBR)
	N/A
	N/A
	N/A

	96 10
	Std dev Bowen ratio (EBBR)
	N/A
	N/A
	N/A

	97 4
	Bowen ratio QC value (EBBR)
	N/A
	N/A
	N/A

	98 2,9
	H (W m-2) (EBBR)
	N/A
	1000
	-200

	99 10
	Std dev H (W m-2) (EBBR)
	N/A
	N/A
	N/A

	100 4
	H QC value (EBBR)
	N/A
	N/A
	N/A

	101 2,9
	LE (W m-2) (EBBR)
	N/A
	1000
	-200

	102 10
	Std dev LE (W m-2) (EBBR)
	N/A
	N/A
	N/A

	103 4
	LE QC value (EBBR)
	N/A
	N/A
	N/A

	104 9
	Mean soil heat flux (W m2)
	N/A
	150
	-150

	105 10
	Std dev Mean soil heat flux (W m2)
	N/A
	N/A
	N/A

	106 4
	Mean soil heat flux QC value
	N/A
	N/A
	N/A

	107 9
	Net radiation (NR-lite) (W m-2)
	N/A
	1000
	-100

	108 10
	Std dev Net radiation (NR-lite) (W m-2)
	N/A
	N/A
	N/A

	109 4
	Net radiation (NR-lite) QC value
	N/A
	N/A
	N/A

	110 9,11
	R global short downwelling (W m-2)
	N/A
	1000
	0

	11110,11
	Std dev R global short downwelling (W m-2)
	N/A
	N/A
	N/A

	112 4,11
	R global short downwelling QC value
	N/A
	N/A
	N/A

	113 9,11
	R global short upwelling (W m-2)
	N/A
	1000
	0

	114 10,11
	Std dev R global short upwelling (W m-2)
	N/A
	N/A
	N/A

	115 4,11
	R global short upwelling QC value
	N/A
	N/A
	N/A

	116 9,11
	R short downwelling (W m-2)
	N/A
	1200
	-10

	11710,11
	Std dev R short downwelling (W m-2)
	N/A
	N/A
	N/A

	1184,11
	R short downwelling QC value
	N/A
	N/A
	N/A

	1199.11
	R short upwelling (W m-2)
	N/A
	1200
	-10

	12010,11
	Std dev R short upwelling (W m-2)
	N/A
	N/A
	N/A

	1214,11
	R short upwelling QC value
	N/A
	N/A
	N/A

	1229,11
	R long downwelling (W m-2)
	N/A
	10
	-300

	12310,11
	Std dev R long downwelling (W m-2)
	N/A
	N/A
	N/A

	1244,11
	R long downwelling QC value
	N/A
	N/A
	N/A

	1259,11
	R long upwelling (W m-2)
	N/A
	200
	-200

	12610,11
	Std dev R long upwelling (W m-2)
	N/A
	N/A
	N/A

	1274,11
	R long upwelling QC value
	N/A
	N/A
	N/A

	1289,11
	Radiometer T (ºC)
	N/A
	330
	250

	12910,11
	Std dev Radiometer T (ºC)
	N/A
	N/A
	N/A

	1304,11
	Radiometer T QC value
	N/A
	N/A
	N/A

	1319,11
	Downwelling PAR (µmol m-2 s-1)
	N/A
	2400
	0

	13210,11
	Std dev Downwelling PAR (µmol m-2 s-1)
	N/A
	N/A
	N/A

	1334,11
	Downwelling PAR QC value
	N/A
	N/A
	N/A

	1349,11
	Upwelling PAR (µmol m-2 s-1)
	N/A
	2400
	0

	13510,11
	Std dev Upwelling PAR (µmol m-2 s-1)
	N/A
	N/A
	N/A

	1364,11
	Upwelling PAR QC value
	N/A
	N/A
	N/A

	1379
	T soil 10cm (ºC)
	N/A
	45
	-35

	13810
	Std dev T soil 10cm (ºC)
	N/A
	N/A
	N/A

	1394
	QC Value for T soil 10cm
	N/A
	N/A
	N/A

	1409
	T soil 25cm (ºC)
	N/A
	45
	-35

	14110
	Std dev T soil 25cm (ºC)
	N/A
	N/A
	N/A

	1424
	QC Value for T soil 25cm
	N/A
	N/A
	N/A

	1439
	T soil 50cm (ºC)
	N/A
	45
	-35

	14410
	Std dev T soil 50cm (ºC)
	N/A
	N/A
	N/A

	1454
	QC Value for T soil 50cm
	N/A
	N/A
	N/A

	1469
	T soil 100cm (ºC)
	N/A
	45
	-35

	14710
	Std dev T soil 100cm (ºC)
	N/A
	N/A
	N/A

	1484
	QC Value for T soil 100cm
	N/A
	N/A
	N/A

	1499
	Soil moisture 10cm (m3 m-3)
	N/A
	0.5
	0

	15010
	Std dev soil moisture 10 cm (m3 m-3)
	N/A
	N/A
	N/A

	1514
	QC value for soil moisture 10 cm
	N/A
	N/A
	N/A

	1529
	Soil moisture 25cm (m3 m-3)
	N/A
	0.5
	0

	15310
	Std dev soil moisture 25 cm (m3 m-3)
	N/A
	N/A
	N/A

	1544
	QC value for soil moisture 25 cm
	N/A
	N/A
	N/A

	1559
	Soil moisture 50cm (m3 m-3)
	N/A
	0.5
	0

	15610
	Std dev soil moisture 50 cm (m3 m-3)
	N/A
	N/A
	N/A

	1574
	QC value for soil moisture 50 cm
	N/A
	N/A
	N/A

	1589
	Soil moisture 50cm (m3 m-3)
	N/A
	0.5
	0

	15910
	Std dev soil moisture 100 cm (m3 m-3)
	N/A
	N/A
	N/A

	1604
	QC value for soil moisture 100 cm
	N/A
	N/A
	N/A

	1619
	Precip (mm 30min-1)
	N/A
	75
	0

	16210
	Std dev Precip (mm 30min-1)
	N/A
	N/A
	N/A

	1634
	Precip QC value
	N/A
	N/A
	N/A

	1645
	Height of flux meas. (m)
	N/A
	N/A
	N/A

	1655
	Height of T/RH upper
	N/A
	N/A
	N/A

	1665
	Height of T/RH lower
	N/A
	N/A
	N/A

	1675
	Height of radiation meas. (m)
	N/A
	N/A
	N/A

	16812
	Site Latitude
	N/A
	N/A
	N/A

	16912
	Site Longitude
	N/A
	N/A
	N/A

	17012
	Site Elevation
	N/A
	N/A
	N/A

	171
	Day/Night (0 = day, 1 = night)
	N/A
	N/A
	N/A




Notes:

1 [bookmark: _GoBack]The time stamps all indicate the beginning of the averaging interval.  Time Of Year (TOY) is the decimal number of days since Jan. 1  DOY is the day of the year, and the timestamp in column 4 is the beginning time in Campbell Scientific data logger format.
2 These are fully corrected fluxes including frequency response.
3 Columns listed as “Err. Est.” are estimated uncertainties for fluxes (or flux-derived quantities).  These have been derived as explained in section I.
4 These columns are QA/QC flags that have been calculated for the associated variable.
5 These values are the height (or depth) at which the measurement was made.  For fluxes, this represents the difference between instrument height and the zero plane displacement height.  Negative values indicate buried sensors.
6 These are means and standard deviations for various measured quantities.
7 These are coordinate rotations used to transform the wind speed measurements into a geopotential (gravity-referenced), streamline coordinate system.  The Phi rotation is performed first and zeros out the v (cross) wind speed component.  This is essentially the wind direction.  The Theta rotation is performed last and zeros out the w (vertical) wind speed component.  Monitoring this rotation as a function of wind direction can provide information about the interaction of wind and the slope of the site.
8 These are frequency corrections (derived ala Moore) for the various flux (and flux-derived) quantities.
9 These are mean values for slow response instruments.
10 Standard deviation of the measurement (if possible).
11 For radiation measurements, “downwelling” means incident or incoming radiation (from the sky to the earth) and “upwelling” means reflected or outgoing radiation (from the earth to the sky).  Note that the long wavelength components have already been corrected for the radiometer body temperature.
12 These are the site latitude (decimal degrees North), site longitude (decimal degrees West), and site altitude (meters above mean sea level).
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