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Data Set Overview:

This data set contains half-hourly vertical fluxes of CO, and related environmental
measurements taken at the Biocomplexity Experimental Site in northern Alaska during the
summer of 2009. Sampling was conducted as part of a large-scale water manipulation
experiment to test the effect of altered tundra moisture on ecosystem carbon exchange.

The variables measured were: CO, flux H,O flux, latent and sensible heat fluxes, turbulence
characteristics, radiation, meteorological variables, ground heat flux (5 replicates), and soil
temperature (1 cm depth). Sample date and time are also given.

Citing These Data:

Oechel, W.C., C.S. Sturtevant. 2011. Carbon dioxide fluxes at the Biocomplexity Experiment
Site, Barrow, AK, 2009. Boulder, CO: National Center for Atmospheric Research, ARCSS Data
Archive.

Overview Table:

Category Description

Data format Comma-delimited ASCII text

Biocomplexity Experiment Site near Barrow, Alaska at 71.284° N, 156.598°
W. Three meteorological towers spaced approximately 300 m apart in a
North-South direction.

Spatial coverage
and resolution

Temporal coverage
and resolution

2009-06-01 to 2009-09-01; measurements recorded in half-hourly intervals

File size 3 files.
BECO2FluxSummer2009 North.csv =721 KB
BECO2FluxSummer2009 Central.csv =609 KB
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BECO2FluxSummer2009 South.csv =721 KB

Fc, H, FH20,LE, TAU, Ta, Rh, VPD, Rn, Rgs (BEC only), PAR, WS, WD,

Parameter(s) UST, ZL, PRESS, PREC (BEC only),FG1, FG2, FG3, FG4, FG5, TS1
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1. Contacts and Acknowledgments:

Investigator Name and Title:
Walter C. Oechel

Global Change Research Group
Department of Biology

San Diego State University

5500 Campanile Ave.

San Diego, CA, USA 92182

Technical Contact:

Cove S. Sturtevant

Global Change Research Group
Department of Biology

San Diego State University
5500 Campanile Ave.

San Diego, CA, USA 92182

2. Detailed Data Description:

Format:

The data are available as comma-delimited ASCII text files. Separate files contain data from
each section (North, Central, South), and are labeled accordingly. In each file, a 5-row header
indicates:

Site name: <BEN = North (flooded), BEC = Central (drained), BES = South (intermediate)>
Contact email

Date of file creation

Column variable names

Column variable units

File Size:
The file size for each file is as follows:
BECO2FluxSummer2009 North.csv =721 KB




BECO2FluxSummer2009 Central.csv = 609 KB

BECO2FluxSummer2009 South.csv =721 KB

Spatial Coverage:

Data were collected at the Biocomplexity Experimental Site in northern Alaska, located at
71.284° N, 156.598° W.

The Biocomplexity Experiment site is situated in the Barrow Environmental Observatory and
located approximately 6 km east of Barrow village and 7 km south of the Arctic Ocean. The
tundra in this region is considered wet-sedge meadow and is underlain by continuous permafrost
with an average active layer of approximately 37 cm. Soils for this site are Gelisols of the
suborder Histel. Mean annual temperature is -12°C, while mean summer temperature (June-
August) is 3.3°C. Annual precipitation averages 106 mm.

The Biocomplexity Site is an approximately 1.5 km x 0.5 km vegetated thaw lake basin which is
estimated to have drained 50-300 years ago. This basin has been divided into three sections by
dikes. In 2009, water was pumped into or out of each section such that the North section
represented wetter than ambient conditions, the Central section drier than ambient conditions,
and the South section intermediate moisture conditions. The sections are about 300 m apart in the
north-south direction. This was the second successful year of manipulation.

Spatial Resolution:

All reported measurements were collected at the eddy-covariance tower located in the east of
each section. Data from each section are contained in separate files.

Temporal Coverage:

Data were collected from June 1, 2009 to September 1, 2009 (Julian days 152 - 244).
Temporal Resolution:

All measurements are reported in half-hour intervals, with the indicated time of measurement as
the beginning of the half-hour.

Parameters or Variables:

Parameter Description:

Year: Year of measurement.

DOY: Day of year of measurement.

HRMIN: Hour and minute of measurement given as a 2 to 4 value integer, with the hour
indicated in the first two values and the minute in the second two values. Ex. 12:30am is
represented as 30, 8:30am is represented as 830, and 6:00pm is represented as 1800.
DTIME: Decimal day of year.

Fc: CO; flux in umol CO, m? s™,

H: Sensible heat flux in W m™

FH,O: Water vapor flux in mmol H,O m? s

LE: Latent heat flux in W m?s™

TAU: Momentum flux in kg m™ s

Ta: Air temperature at 1.6 m height in °C

Rh: Relative humidity at 1.6 m height in %

VPD: Vapor pressure deficit in kPa

Rn: Net radiation in W m™

Rgs (BEC only): Downwelling global shortwave radiation (310 — 2800 nm)



PAR: Downwelling photosynthetically active radiation (400 — 700 nm)

WS: Wind speed in m s

WD: Wind direction in degrees clockwise from North

UST: Friction velocity in m s

ZL: Stability parameter (measurement height divided by the Obukhov Length) in m m™
PRESS: Atmospheric pressure in kPa

PREC (BEC only): Precipitation summed for period of record in mm

FG1: Soil heat flux at 2 cm below surface in W m™

FG2: Soil heat flux at 2 cm below surface in W m™

FG3: Soil heat flux at 2 cm below surface in W m™

FG4: Soil heat flux at 2 cm below surface in W m™

FG5: Soil heat flux at 2 cm below surface in W m™

TS1: Soil temperature at 1 cm depth in degrees Celsius

Missing/bad records are indicated with a -9999 value. Positive flux values (Fc,FH,O, H, LE,

TAU) indicate upward fluxes. Positive radiation values (Rn, Rgs, PAR, FG) indicate downward
fluxes.

Sample Data Record:

YEA DO VP

R Y HRMIN DTIME Fc H FH20 LE TAU Ta Rh D
kg m-1s- kP

umol CO2 m-2 s-1 W m-2 mmol H20 m-2s-1 ~ W m-2 2 deg C % a

2009

2009

2009

2009

2009

2009

2009

152

152

152

152

152

152

152

0

30

100

130

200

230

300

152.01

152.03

152.05

152.07

152.09

152.11

152.14

0.1066

0.15618

0.13727

0.055067

-9999

-9999

-9999

-15.742

-17.622

-17.702

-11.139

-9999

-9999

-9999

-0.16467

-0.19859

-0.18134

-0.11977

-9999

-9999

-9999

-7.4314

-8.9662

-8.1879

-5.4115

-9999

-9999

-9999

0.024181

0.029578

0.026159

0.013309

0.0053569

0.011322

0.010999

-2.6154

-3.1084

-3.1588

-3.8546

-4.3188

-4.4448

-4.2681

91.6

91.7

91.7

91.2

91

92.2

91.4

3. Data Access and Tools:

Data Access:
Data are available for ordering from NCAR.

4. Data Acquisition and Processing:

Sensor or Instrument Description:

Fluxes were measured at a height of 1.4 m above the terrain using traditional eddy covariance
instrumentation. Flux data were taken at 10 Hz and recorded with a datalogger. Three-
dimensional wind speed and virtual sonic temperature were collected with a Gill Wind Master
Pro sonic anemometer (Gill Instruments Ltd., Hampshire, England). Molar densities of CO, and
H,O were collected with an open path LI-7500 infrared gas analyzer (LI-COR Biosciences,
Lincoln, NE, USA).

The LI-7500 gas analyzers were calibrated via a 2-point linear equation every 4 weeks. Ultra
high purity nitrogen was used as the zero for CO, and H,O. High precision gas with certification
accuracy < 1% was used as a span value for CO, (750 ppm in a balance of nitrogen). The span
value for H,O was generated with a LI-610 dew point generator (LI-COR Biosciences, Lincoln,
NE, USA) using a dew point 5 °C below ambient air temperature.


http://data.eol.ucar.edu/codiac/dss/id=106.ARCSS108

Environmental measurements were recorded in the immediate vicinity of each tower and within
the manipulation footprint. Air temperature and relative humidity were measured at 1.6 m height
with a HMP45C probe with radiation shield (Vaisala, Helsinki, Finland). Atmospheric pressure
was measured with the LI-7500. Temperatures at 1 cm soil depth were measured with type T
thermocouples. A 1.5 m tripod housed radiation instruments measuring: downwelling global
shortwave radiation (BEC only; 310 — 2800 nm) with CMP3 pyranometers (Kipp and Zonen,
Delft, The Netherlands), downwelling photosynthetically-active radiation (PAR, 400-700 nm)
with LI-190 quantum sensors (LI-COR Biosciences, Lincoln, NE, USA), and net radiation (0.25
— 60 um) with a Q7 net radiometer (REBS, Bellvue, Washington, USA). Ground heat flux at 2
cm depth was recorded with five HFT3 ground heat flux plates (REBS, Bellvue, Washington,
USA). Finally, a TR-525M tipping rain gauge bucket measured liquid precipitation (Texas
Electronics, Dallas, Texas, USA) at the Central section. These environmental variables were
measured at 1 Hz and averaged into half-hour blocks.

Processing:

Half-hourly flux calculations of carbon dioxide, water vapour, energy, and momentum were
made using the eddy covariance method (Baldocchi et al. 1988) and coded in MATLAB v. 7.2
(Mathworks, Natick, Massachusetts, USA). Prior to covariance computations for each half hour,
the sonic anemometer coordinate frame was double-rotated to align with the mean streamline
and signals from separate sensors were time-aligned by maximizing the cross-correlation
between vertical wind speed and scalar concentration. Appropriate corrections were applied for
the simultaneous vertical transfer of heat and water vapour (Webb et al. 1980) as well as for high
frequency spectral loss due to sensor separation and path length averaging (Moore 1986). No
gap-filling was performed.

Quality control was applied pre- and post- flux computation. Raw data were de-spiked (> 6
standard deviations from the running mean) and removed of periods clearly demonstrating error
due to heavy mist, rain, or snow. Computed fluxes were filtered according to stationarity and
integral turbulence characteristics tests following Foken at al. (2004). Fluxes calculated under
low turbulence conditions (friction velocity < 0.1 m/s) or when winds flowed from outside the
manipulation footprint were excluded.
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