GLEES AmeriFlux Metadata – March 2016

Site 1. New Scaffold
Location: 41° 21’ 59.51” N, 106o 14’ 23.81” W, Elevation: 3197 m

Above canopy eddy covariance system (Oct 2004 to Present)
Files: GLEES_AmeriFlux_WY2005to2014_v2.5.csv and GLEES_AmeriFlux_WY2015to2016A_v2.5.csv (also contains data from all other sites (2-7), e.g. snow depth from site 2, precipitation from site 7, etc.)
This system is described at length by Frank et al. (2014).

Eddy-covariance instrumentation
Sample rate: 20Hz
Sonic anemometer: SATI/3Vx, Applied Technologies, Azimuth: 270°, Height on tower: 22.65 m
Fast-response H2O/CO2 sensor: LI7500, Li-Cor, (Oct 2004 to Jan 2006 and Mar 2006 to Present), Location from sonic center: -0.235 m longitudinal (behind), 0.08 m lateral (south), vertically aligned.
Fast-response H2O sensor: NIRGA, NOAA, Air Resources Laboratory, Atmospheric Turbulence and Diffusion Division (Jan 2006 to Mar 2006), Location from sonic center: -0.235 m longitudinal (behind), 0.08 m lateral (south), vertically aligned. Note, it has been determined that the CO2 fluxes from this sensor are of questionable quality, and thus have not been submitted.

Meteorological instrumentation
Temperature: RTD-810 resistance thermometer, Omega Engineering, Height on tower: 23.4 m
Relative humidity: 083D, Met One Instruments (Aug 2006 to Present), Height on tower: 23.4 m
Wind velocity and direction: 05103-5 Wind Monitor, R.M. Young Company, Height on tower: 25.8 m
Pressure: AB-2AX Intellisensor II, Atmospheric Instrumentation Research, Inc. (Oct 2004 to Dec 2010), Height on tower: 23.4 m
Pressure: 61202V Barometric pressure sensor, R.M. Young (Dec 2010 to Present), Height on tower: 23.4 m
Ambient CO2: LI-800, Li-Cor (Oct 2004 to May 2012), Height on tower: 22.65 m
Net radiation: Q*5.571 Net Radiometer, Radiation and Energy Balance Systems, Height on tower: 24.4 m
4 way net radiation: PSP and PIR (downwelling and upwelling), Eppley Laboratory, Height on tower: 24.4 m
PAR: LI-190SA Quantum Sensor (downwelling and upwelling), Li-Cor, Height on tower: 24.4 m

CO2 canopy profile
Location: A vertical profiles on the scaffolding with inlets at 22.65, 19.3, 16.1, 12.9, 9.7, 6.5, 3.3, and 0.1 m. The profile system cycles through the 8 tubes once per minute.
Fast-response H2O/CO2 sensor: LI6262, Li-Cor (Mar 2005 to Aug 2008)
Fast-response H2O/CO2 sensor: LI7000, Li-Cor (Aug 2008 to Present)

Within canopy eddy covariance system, i.e. Rep 2 (Oct 2012 to Present)
Files: GLEES_AmeriFlux_Rep2_WY2012to2016A_v2.5.csv

Eddy-covariance instrumentation
Sample rate: 20Hz
Sonic anemometer: SATI/3Vx, Applied Technologies, Azimuth: 270°, Height on tower: 6.5 m
Fast-response H2O/CO2 sensor: LI7500, Li-Cor, Location from sonic center: -0.235 m longitudinal (behind), 0.08 m lateral (south), vertically aligned.

Meteorological instrumentation
Temperature: RTD-810 resistance thermometer, Omega Engineering (Nov 2014 to Present), Height on tower: ~6.5 m
Relative humidity: 083D, Met One Instruments (Nov 2014 to Present), Height on tower: ~6.5 m
4 way net radiation: CNR 4 Net Radiometer, Kipp & Zonen (Feb 2014 to Present), Height on tower: ~6.5 m

Site 2. Old tower (aka Brooklyn Tower)
Location: 41° 21’ 56.83” N, 106o 14’ 22.83” W (i.e., 85 m south at 165° from the current GLEES scaffold), Elevation: 3191 m
File: GLEES_AmeriFlux_Old_v2.5.csv (also contains data from sites 3, 4, and 7)

Eddy-covariance instrumentation
Sample rate: 20Hz
Sonic anemometer: SATI/3Vx, Applied Technologies (Nov 1999 to Jan 2006), Azimuth: 270°, Height on tower: 27.12 m
Fast-response H2O sensor: NIRGA, NOAA, Air Resources Laboratory, Atmospheric Turbulence and Diffusion Division (Nov 1999 to Sep 2002, Sep 2003 to Mar 2005, and Aug 2005 to Jan 2006), Location from sonic center: -0.2159 m longitudinal (behind), 0.0508 m lateral (north), -0.254 m vertical (below). Note, it has been determined that the CO2 fluxes from this sensor are of questionable quality and thus have not been submitted.
Fast-response H2O/CO2 sensor: LI7500, Li-Cor (Nov 2001 to Apr 2002 and Jun 2002 to Oct 2003), Location from sonic center: 0.2921 m longitudinal (behind), 0.1905 m lateral (north), 0.0254 m vertical (above).
Fast-response H2O sensor: KH2O, Campbell Scientific (Nov 1999 to Nov 2001), Location from sonic center: 0.1397 m longitudinal (behind), 0.0762 m lateral (south), -0.1524 m vertical (below).

Meteorological instrumentation
Temperature and relative humidity: CS500, Campbell Scientific (Nov 1999 to Aug 2006), Height on tower: 27.8 m
Wind velocity and direction: 05103-5 Wind Monitor, R.M. Young Company (Nov 1999 to Aug 2006), Height on tower: 30.2 m
Pressure: AB-2AX Intellisensor II, Atmospheric Instrumentation Research, Inc. (Nov 1999 to Aug 2006), Height on tower: 27.4 m
Ambient CO2: LI-800, Li-Cor (Nov 1999 to Mar 2005 and Jul 2005), Height on tower: 27.12 m
Net radiation: Q*5.571 Net Radiometer, Radiation and Energy Balance Systems (Nov 1999 to Aug 2006), Height on tower: 26.8 m
4 way net radiation: PSP and PIR (downwelling and upwelling), Eppley Laboratory (Nov 1999 to Sep 2003), Height on tower: 28.7 m
PAR: LI-190SA Quantum Sensor (downwelling and upwelling), Li-Cor (Nov 1999 to Oct 2003), Height on tower: 27.9/27.5 m

Snow depth: Depth sensor, Judd Communications (Jul 2001 to Jun 2014 and Jan 2015 to Present), Height on tower 3.12m

Site 3. Soil temperature and water content (Jul 1999 to Jun 2014)
Location: Two vertical soil profiles, one ~10m west of the old tower in the meadow (aka M1_RepNRCS) and one ~30 m west of the old tower in the forest by a fir tree (aka F2_RepNRCS)
Soil temperature and water content (aka, M1_RepNRCS and F2_RepNRCS): Hydra probe, Vitel, Depths: 5, 10, 20, 51, and 102 cm.

Site 4. Soil temperature and heat flux (Oct 2000 to Present)
Location: Two vertical soil profiles, each ~1 m away from the NRCS profile of Hydra probes, one south (aka M1_Rep1) and one east (aka M1_Rep2).
Soil temperature: Type T thermocouple, PP-T-24, Omega Engineering, Depths: 3 and 9 cm.
Soil heat flux: HFT-1, Radiation Energy Balance Systems, Depths: 9 cm.

Site 5. Soil water content (Oct 2008 to Present)
Location: Seven vertical soil profiles, two located near the two NRCS profiles of Hydra probes (aka M1 and F2), the others located ~35 m west (S1), ~40 m north (S2), ~20 m southeast (S3), ~35 m northeast (F1), and ~40 m west (F3).
Soil water content: CS610, Campbell Scientific, Depths: 5, 10, and 20 cm, Profiles: S1, S2, F1, F2, and M1 (5 and 10 cm only)
Soil water content: CS616, Campbell Scientific, Depths: 5, 10, and 20 cm, Profiles: S3, F3, and M1 (20 cm only)

Site 6. Soil temperature (Aug and Sep 2010 to Present)
Location: four vertical soil profiles near the new scaffold ~ 40 m north (Rep 1), ~ 30 m north (Rep 2), ~ 20 m north (Rep 3), ~ 30 m northwest in a meadow (Rep 4),
Soil temperature: Type T thermocouple, TT-T-24, PP-T-24, and TT-T-20 Omega Engineering, Depths: 0, 1, 3, 7, 13, and 27 cm.

Site 7. Precipitation (aka National Atmospheric Deposition Program, NADP, site WY95)
Location: 41° 21’ 53.56” N, 106o 14’ 26.81” W (i.e., 196 m south at 201° from the current GLEES scaffold), Elevation: 3188 m
Precipitation: Universal rain gauge, Belfort Instrument (Sep 1992 to Nov 2008?), Daily cumulative precipitation only
Precipitation: NOAH IV, ETI Instrument Systems (Nov 2008 to Present)


Eddy covariance processing (adapted from Frank et al. (2014))
Ecosystem fluxes were calculated using the eddy covariance technique (Lee et al. 2004b). Time series data were processed by half-hour; de-spiked (using a modified version of Højstrup (1993) through 2008, then using a 4-pass iterative median-block-filter (Frank et al. 2014)); processed for quality assurance, quality control (QA/QC) based on summary statistics (mean, standard deviation, skewness, kurtosis, and missing data (Vickers and Mahrt 1997)); and IRGA calibration adjusted (for CO2 based on periodic in-situ reference gas calibrations, for H2O based on regression with the ambient meteorological vapor density measurement (Meek et al. 1998) (SAS PROC AUTOREG, SAS Institute, Inc.) and similar to Loescher et al. (2009) except on a longer time scale corresponding to weeks or months rather than half-hours). Covariances among the sonic anemometer and fast-response CO2/H2O instrument were calculated every half-hour from the time series data; rotated into the long-term planar fit coordinate Lee et al. (2004a); and time-lag adjusted with the IRGA (half-hour time-lags long-term modeled from wind speed and direction (Horst and Lenschow 2009) with an offset optimized to maximize the absolute covariance within ± 1 s lag). The covariances between sonic anemometer vertical wind with horizontal wind, temperature, H2O and CO2 density were spectrally corrected (half-hour corrections (Massman 2000, Massman and Clement 2004) based on long-term modeled peak frequency (Horst 1997) determined from median-pooled normalized cospectra). Sensible-heat, water vapor, and CO2 ecosystem fluxes were calculated from the vertical wind covariances using the WPL corrections (Webb et al. 1980, Massman and Lee 2002, Gu et al. 2012) including the additional IRGA self-heating term (Burba et al. 2008) (IRGA surface temperatures measured beginning in 2009, for preceding years modeled based on the 2009 measurements). Water fluxes from the old tower using a Krypton hygrometer were corrected for O2 (van Dijk et al. 2003). The canopy storage of CO2 (Lee and Massman 2011) (W. J. Massman, unpublished derivation) was calculated using the piecewise cubic Hermite interpolated vertical profile of CO2 measured within the canopy. The net ecosystem exchange of CO2 was defined as the CO2 flux plus the storage (Lee and Massman 2011). Evapotranspiration was defined as H2O flux from which latent energy was derived. Atmospheric stability and friction velocity were derived from the eddy covariance data.

Derived measurements
Numerous meteorological values were derived from standard formulas based on other measurements. Details can be provided upon request. Of note, Ts_5cm is soil temperature at 5 cm and is derived from the Site 3 data as the average of both 5 cm probes. Since these probes were destroyed in the Jun 2014 lightning strike, this data has since been replaced by the Site 6 data which was modeled/interpolated to 5 cm and averaged between the four reps. The Gs_Surface_M1_Rep1/Gs_Surface_M1_Rep1 data are derived from the Site 4 data, using a model that adds the estimated heat storage from the upper 9 cm of the soil to the heat flux measured at 9 cm with both reps.
Finally, a great effort has been spent to reconstruct the best CO2 concentration estimates for GLEES. In earlier years there were many inaccuracies in these measurements. Starting with the installation of the LI7000 on the profile system on the new scaffold in Aug 2008, this instrument has become the preferred measurement of ambient CO2. Older data is primarily from LI-800 measurements at either the new scaffold or old tower. For the most part, this single reconstruction of CO2 is used for both towers. Older data had significant sensor drift, hence much of it was detrended and the mean response replaced by a model based on the Mauna Loa annual trend with GLEES specific seasonal fluctuations.

Gap filling
	Eddy covariance data was gap filled recursively, first by dividing the dataset into 2-week blocks and gap filling, then second dividing the data into seasons (Jul-Sep, Oct, Nov-Apr, and May-Jun) and gap filling. In each case the non-gap filled data was used to estimate the parameters for each gap filling function, then the missing data was predicted by evaluating those functions with these parameters. In the case that a higher order parameter (i.e., slope of linear regression) was not statistically significant (i.e., p > 0.05) the data was predicted by only the mean of the non-gap filled data. All other gap filled eddy covariance data is derived from these measurements (i.e., latent heat was not gap filled independently, rather it is based on the gap filled ET). The functions used for gap filling were:

Daytime NEE: Michaelis-Menten light response curve using a logistic sigmoid function (Moffat 2010)
Nighttime NEE: Lloyd and Taylor exponential function of soil temperature (Lloyd and Taylor 1994)
Daytime ET: Linear regression with PAR downwelling
Nighttime ET: Average of data
Daytime sensible heat flux: Linear regression with PAR downwelling
Nighttime sensible heat flux: Average of data
u*: Linear regression with wind velocity (seasonal only)

	Numerous gap filling techniques were used for ambient meteorological data. Details are not provided here, but can be provided upon request.

Changes in the GLEES version 2.5 data
Burba correction
During processing of the NOAA IRGA we became aware to two errors in the Burba correction (Burba et al. 2008). First, in the definition of δbot = 0.004*sqrt(lbot/U) + 0.004 and of δtop = 0.0028*sqrt(ltop/U) + 0.00025/U + 0.0045 in Table 1 of Burba et al. (2008) the appropriateness of the constants 0.004 and 0.0045 is dubious. From personal communications with George Burba, he clarified that these account for the additional boundary layer that could exist from air flow around an orb (the ball shape at the top of the LI7500 or the conical shape of the bottom of the LI7500) with a flat slice taken out of it (i.e., the flat surface with the optical lenses). The values 0.004 and 0.0045 are the approximate depth of round surface removed around these shapes to accommodate the flat lens. The idea is that air flow will continue on the path around the orb, thus the airspace created by the void in front of the lens would not mix, thus increasing the boundary layer. This assumption is dubious, as it forces δbot and δtop to take on values of ~0.004 and ~0.0045 instead of ~0.0005 (i.e., the additional constants increase the boundary layer to be ~10x what it would otherwise be). This means the calculated sensible heat flux from these surfaces is ~10X smaller than would be otherwise estimated. This all came to light when we worked with the NOAA IRGA which has perfectly flat surfaces, hence the 0.004 and 0.0045 constants are not appropriate, and the bottom surface heat flux was ~10x the magnitude of the bottom surface heat flux on the LI7500.
The second error we found in the Burba correction was in the equation S = ρCpw’T’a + Sbot + Stop + 0.15Sspar in Table 1 of Burba et al. (2008). The problem is the assumption that the entire volume of airspace within the approximate path area of the LI7500 is exposed to the sensible heat flux from the bottom and top surfaces. A more appropriate solution is to define the volume of the LI7500 path (roughly defined as the top and bottom lenses and the cone defined by the four angled spars) and to determine the relative surface area of that volume contributed by the bottom, top, and spar. The updated equation should be more like S = ρCpw’T’a + 0.1078*Sbot + 0.0354*Stop + 0.2219*Sspar. Here is an analogy to explain the problem with the original equation … if all dimensions on the LI7500 were identical except the path was increased to 1 m, or 10 m, or 100 m, then as the volume of the path increases by orders of magnitudes, then obviously the heat input from the bottom surface should become relatively unimportant, yet in the original equation the impact of Sbot on S is fixed while in this example it should approach zero. But, the spars do account for more surface area of the volume so they should proportionately add more heat to the air parcel ... and if the path length of the volume was increased to 1m, 10 m, or 100 m the multiplier for the spar in the new equation for S would converge at ~0.26, i.e., even for an infinitely long path length, about one-quarter of the volume of the path is surrounded by a spar. Again, this came to light when we tried to apply the Burba correction to the NOAA IRGA because with the issue above, we had ~10x higher Sbot, which caused an enormous and completely unreasonable correction to S.
The irony is the first problem causes Sbot and Stop to be ~10x too low, but the second problem causes them to be multiplied by ~10x too high, so the two errors kind of cancel out. This is probably why nobody ever questioned the original formulation. With these two logical changes, we were able to successfully apply the Burba correction to the NOAA IRGA, plus we obtained more accurate Burba corrections for the LI7500. All GLEES data beginning with version 2.5 contains the updated Burba correction.
Note, for 2009 to present, thermocouples have been mounted on the bottom and spar of the LI7500 to more directly estimate the Burba correction. For all other data, surface temperatures were modeled from this thermocouple data based on environmental condition. For the NIRGA, it was redeployed in 2010 to measure the surface temperatures in order to create a similar model.

Data Flags
In version 2.5 there was an extensive overhaul to the data flags. These are now defined as:
0 = original data
1 = surrogate data, i.e., original data was substituted with the same measurement from a different sensor. For example, when the LI7000 CO2 measurement is unavailable it is replaced with similar data from a Picarro CO2 sensor, or when the scaffold loses power data is substituted with measurements from other towers within the GLEES research area. In most cases, the surrogate data is linearly regressed to the original sensor to adjust for any systematic differences.
2 = modeled from data. This encompasses a lot of situations, but is when a related measurement is used in conjunction with a model to gap fill. Examples include using a short-wave sensor to gap fill PAR data, data is a LOESS smoothed version of the original data, CO2 ppm that is detrended with the mean substituted from the Mauna Loa data.
3 = modeled from theory. For example, long-wave upwelling gap filled using air temperature and the Stefan-Boltzmann law, snow depth gap filled based on a model of accumulated precipitation that decreases in depth over time, or using the Lloyd and Taylor formula to gap fill nighttime NEE.

Peak frequency for spectral corrections
In version 2.5, it was noticed that following the major spruce beetle disturbance at GLEES, the aerodynamics of the forest had changed sufficiently such that a better accounting for this impact on spectral corrections of eddy-covariance data needed to be done. The average peak frequency for spectral corrections (Massman 2000) was estimated for each water year (i.e., Oct-Sep) and a the spectral corrections were revised.

Calibration of CO2 tanks
[bookmark: _GoBack]For some time it had become apparent that the CO2 standard tanks provided to GLEES by AmeriFlux were not accurate. In 2014 these tanks were shipped to AmeriFlux at LBL for recalibration. Indeed, one tank was several ppm different than originally designated. Therefore, an extensive recalculation of all CO2 data was undertaken tracing all data back to the new values for the AmeriFlux standards.
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