BIGFOOT Meteorological Data for North and South American Sites, 1991-2004

Summary
This companion documents identifies the sources of the meteorological data compiled for each BIGFOOT site and the processing performed by the BIGFOOT project to aggregate the data to a daily time step for use in the BIOME-BGC model. The meteorological data file format and content are also described.
Cite this data set as follows:
Turner, D.P., M.J. Gregory, and W.D. Ritts. 2008. BIGFOOT Meteorological Data for North and South American Sites, 1991-2004. Data set. Available on-line [http://daac.ornl.gov/] from Oak Ridge National Laboratory Distributed Active Archive Center, Oak Ridge, Tennessee, U.S.A.

Data File Format and Content

· The data file name indicates the BIGFOOT site and the measurement year (e.g., bigfoot_konz_met_2001.csv)
· The data are formatted as comma-delimited text files of 367 rows and 8 columns. The first two rows are for parameter names and units. 
Data File Contents
	Column Names
(Row 1)
	Units
(Row 2)
	Variable Description

	SITE
	location
	BigFoot Site Name

	DAY
	day
	Day of Year

	PRCP
	cm
	Precipitation (cm)

	TMAX
	deg C
	Maximum Daily Temperature (deg C)

	TMIN
	deg C
	Minimum Daily Temperature (deg C)

	VPD
	Pa
	Daily Average Vapor Pressure Deficit (Pa)

	SWAVGFD
	W m^-2
	Daily Average Instantaneous Shortwave Flux Density (W/m2)

	PAR
	W m^-2
	Daily Average Instantaneous Photosynthetically Active Radiation (PAR) (W/m2)

	DAYL
	s
	Daylength (s)


BIGFOOT Site Abbreviations and Locations.  

[ Sites link to their respective data source and processing discussions. ]
	Site
	Site Location
	Biome

	NOBS
	BOREAS NSA, Canada 
	boreal forest

	AGRO
	Bondville, Illinois, USA 
	cropland (corn and soybean)

	HARV
	Harvard Forest LTER, Massachusetts, USA 
	temperate mixed forest

	KONZ
	Konza Prairie LTER, Kansas, USA 
	tallgrass prairie

	CHEQ
	Park Falls, Wisconsin, USA 
	temperate mixed forest

	METL
	Cascades, Oregon, USA 
	temperate needleleaf forest

	SEVI
	Sevilleta LTER, New Mexico, USA 
	desert

	TAPA
	Tapajos, Brazil 
	tropical broadleaf evergreen forest

	TUND
	Barrow, AK, USA
	arctic tundra


Example data file (bigfoot_konz_met_2001.csv)

	SITE,DAY,PRCP,TMAX,TMIN,VPD,SWAVGFD,PAR,DAYL

location,day,cm,deg C,deg C,Pa,W m^-2,W m^-2,s

KONZ,1,0,-8.6,-19.7,122.42,308.719,154.36,33558

KONZ,2,0,-4.2,-24.3,206.72,166.121,83.061,33602

KONZ,3,0,4.4,-7.6,316.23,295.691,147.845,33650

KONZ,4,0,10,-8.7,546.61,299.982,149.991,33702

KONZ,5,0,9.4,-0.9,400.19,292.976,146.488,33757

KONZ,6,0,13.1,-2.7,627.93,270.294,135.147,33815

…

KONZ,360,0,2.3,-12.6,303.2,332.684,166.342,33365

KONZ,361,0,6.7,-2.6,316.71,278.868,139.434,33385

KONZ,362,0,3.3,-8.4,290.13,202.125,101.063,33410

KONZ,363,0,-3.3,-12.8,164.57,325.668,162.834,33439

KONZ,364,0,-3.3,-14.8,182.86,316.095,158.047,33471

KONZ,365,0,-0.7,-17.4,255.99,339.332,169.666,33507




Site Data Source and Processing Descriptions
AGRO:  Bondville, Illinois, USA





Back to Site Table
For the AGRO site, the meteorological data begins with 1995. Except for precipitation, it is derived from half-hourly measurements made at the SURFRAD site less that 5 km from the study area. SURFRAD is network of sites funded by the National Oceanic and Atmospheric Administration (NOAA) and is designed to monitor solar radiation. The original data and a description of the SURFRAD network are available online (http://www.srrb.noaa.gov/surfrad/index.html) and use of these data should be consistent with the fair use policies of SURFRAD and BigFoot. The original measurements are aggregated to the daily time step for use in the BIOME-BGC model. Precipitation and selected temperature values from the Champaign-Urbana Airport meteorological station, 10 km to the north of the study area, were provided by the NOAA National Virtual Data System (http://nndc.noaa.gov/) to replace “missing” data at Bondville. For missing vapor pressure deficit, the minimum temperature was assumed to be the dew point, and for solar radiation the fill-ins were generated following Thorton and Running (1999). If PAR was missing, it was given the value of (0.5 * shortwave flux density).

METHODS

	FIELD
	PRIMARY SOURCE
	IF MISSING

	PRCP
	Champaign-Urbana met station
	N/A

	TMAX
	SURFRAD temperature
	Champaign-Urbana met station

	TMI N
	SURFRAD temperature
	Champaign-Urbana met station

	VPD
	SURFRAD relative humidity
	modeled with MTCLIM43

	SWAVGFD
	SURFRAD global solar
	modeled with MTCLIM43

	PAR
	SURFRAD PAR
	modeled with MTCLIM43


YEARS : 1995 – 2000

Notes : The TMAX and TMIN fields are corrected through the following regression equations which were developed using days where data exist for both places.
Tower TMAX = (0.9988 * Champaign TMAX) – 0.3455
Tower TMIN = (1 .0181 * Champaign TMIN) + 0.1639

REFERENCES

Thorton, P.E. and Running, S.W. 1999. An improved algorithm for estimating incident daily solar radiation from measurements of temperature, humidity, and precipitation. Agricultural and Forest Meteorology 93:211-228.

CHEQ:  Park Falls, Wisconsin, USA




Back to Site Table
For the CHEQ site, the meteorological data begins with 2000. The data is derived from half-hourly measurements made at the WLEF (450m Tall Tower) eddy covariance flux tower located near Park Falls, WI. The tower is maintained by the Chequamegon Ecosystem Atmosphere Study (ChEAS). The original data are available online (http://cheas.psu.edu/) and use of these data should be consistent with the data policies of ChEAS (see web site). The original measurements are aggregated to the daily time step for use in the BIOME-BGC model. Missing precipitation values were filled with data from the Willow Creek tower, which is approximately 21.5 kilometers from the WLEF tower. The Willow Creek tower data was obtained from the ChEAS web site provided above. Shortwave Average Flux Density was calculated as 2 * PAR.

METHODS

	FIELD
	PRIMARY SOURCE
	IF MISSING

	PRCP
	Willow Creek Tower
	

	TMAX
	WLEF (450m Tall Tower)
	

	TMI N
	WLEF (450m Tall Tower)
	

	VPD
	WLEF (450m Tall Tower)
	

	SWAVGFD
	PAR * 2
	

	PAR
	WLEF (450m Tall Tower)
	


YEARS : 2000 – 2002

REFERENCES

Thorton, P.E. and Running, S.W. 1999. An improved algorithm for estimating incident daily solar radiation from measurements of temperature, humidity, and precipitation. Agricultural and Forest Meteorology 93:211-228.

HARV:  Harvard Forest LTER, Massachusetts, USA


Back to Site Table
For the HARV site, the meteorological data begins with 1991. It is derived from half-hourly measurements made at the site eddy covariance flux tower (Wofsy et al. 1993, Goulden et al. 1996). The original data are available online (http: / /cdiac.esd .ornl.gov/ programs/ameriflux/) and use of these data should be consistent with the Fair Use policies of Ameriflux (see web site) and BigFoot. The original measurements are aggregated to the daily time step for use in the BIOME-BGC model. Precipitation and missing temperature values were filled with data from the Fisher Tower (2001 to present), the Shaler Tower (1991 to 2001), and the Tully Lake meteorological station (1991 to present). The Shaler and Fisher towers are within the Harvard Forest LTER and the data sets can be obtained from the Harvard Forest LTER (http: / / harvardforest.fas. harvard. edu/data/catalog. html). The Tully Lake station is located 10 km north of the study area and the data can be obtained from the NOAA National Virtual Data System (http://nndc.noaa.gov/). For missing vapor pressure deficit, the minimum temperature was assumed to be the dew point, and for PAR the fill-ins were generated following Thorton and Running (1999). If solar radiation was missing, it was given the value of

(2 * PAR).

METHODS

	FIELD
	PRIMARY SOURCE
	IF MISSING

	PRCP
	Fisher and Shaler LTER towers
	Tully Lake met data

	TMAX
	Tower temperature
	Fisher, Shaler, or Tully Lake met data

	TMI N
	Tower temperature
	Fisher, Shaler, or Tully Lake met data

	VPD
	Tower relative humidity
	modeled with MTCLIM43

	SWAVGFD
	Calculated from tower PAR
	modeled with MTCLIM43

	PAR
	Tower PAR
	modeled with MTCLIM43


YEARS : 1991 – 2002

Notes : The TMAX and TMIN fields are corrected through the following regression equations which were developed using days where data exist for both places.

Tower TMAX = (0.8608 * Tully Lake TMAX) – 0.6983

Tower TMIN = (0.8960 * Tully Lake TMIN) + 3.1258

REFERENCES

Goulden, M.L., J.W. Munger, S. -M. Fan, B.C. Daube, and S.C. Wofsy. 1996. Exchange of carbon dioxide by a deciduous forest: response to interannual climate variability. Science 271:1576-1578.

Thorton, P.E. and Running, S.W. 1999. An improved algorithm for estimating incident daily solar radiation from measurements of temperature, humidity, and precipitation. Agricultural and Forest Meteorology 93:211-228.

Turner, D.P., W.D. Ritts, W.B. Cohen, S.T. Gower, M. Zhao, S.W. Running, S.C. Wofsy, S. Urbanski, A. Dunn, and J.W. Munger. 2003. Scaling gross primary production (GPP) over boreal and deciduous forest landscapes in support of MODIS GPP product validation. Remote Sensing of Environment 88:256-270.

Wofsy, S.C., M.L. Goulden, J.W. Munger, S.-M. Fan, P.S. Bakwin, B.C. Daube, S.L. Bassow and F.A. Bazzaz. 1993. Net exchange of CO2 in a mid-latitude forest. Science 260:1314-13 17.

KONZ:  Konza Prairie LTER, Kansas, USA



Back to Site Table
For the KONZ site, the meteorological data begins with 1992. It is derived from measurements associated with the Konza Long Term Ecological Research (LTER) site. The original data are available online (http://http://www.konza.ksu.edu/data_catalog/toc.htmldata_catalog/toc.html) and use of these data should be consistent with the fair use policies of the Konza LTER site and BigFoot. The original measurements are aggregated to the daily time step for use in the BIOME-BGC model. For missing vapor pressure deficit, the minimum temperature was assumed to be the dew point, and for solar radiation the fill-ins were generated following Thorton and Running (1999). If PAR was missing, it was given the value of (0.5 * shortwave flux density).

METHODS

	FIELD
	PRIMARY SOURCE
	IF MISSING

	PRCP
	LTER precipitation
	N/A

	TMAX
	LTER temperature
	N/A

	TMI N
	LTER temperature
	N/A

	VPD
	modeled with MTCLIM43
	N/A

	SWAVGFD
	LTER total solar
	modeled with MTCLIM43

	PAR
	Calculated from LTER total solar
	modeled with MTCLIM43


YEARS : 1992 – 2001

Notes : No fill-ins of temperature or precipitation were needed.
REFERENCES

Thorton, P.E. and Running, S.W. 1999. An improved algorithm for estimating incident daily solar radiation from measurements of temperature, humidity, and precipitation. Agricultural and Forest Meteorology 93:211-228.

METL:  Cascades, Oregon, USA




Back to Site Table
For the METL site, the meteorological data begins with 2002. The filled daily met files were obtained from Bev Law (Oregon State University) and reformatted for use in the BIOME-BGC model.

METHODS

	FIELD
	PRIMARY SOURCE
	IF MISSING

	PRCP
	Tower precipitation
	NA

	TMAX
	Tower temperature
	NA

	TMIN
	Tower temperature
	NA

	VPD
	Tower vpd
	NA

	SWAVGFD
	Tower SWAVGFD
	NA

	PAR
	Calculated from Tower SWAVGFD
	NA


YEARS : 2002 – 2002
REFERENCES
Turner, D.P., W.D. Ritts, W.B. Cohen, S.T. Gower, M. Zhao, S.W. Running, S.C. Wofsy, S. Urbanski, A. Dunn, and J.W. Munger. 2003. Scaling gross primary production (GPP) over boreal and deciduous forest landscapes in support of MODIS GPP product validation. Remote Sensing of Environment 88:256-270
NOBS:  BOREAS NSA, Canada





Back to Site Table
For the NOBS site, the meteorological data is derived from half-hourly measurements made at the site eddy covariance flux tower (Goulden et al. 1997, 1998). The original data are available online ( http://cdiac.esd.ornl.gov/programs/ameriflux/ ) and use of these data should be consistent with the Fair Use policies of Ameriflux (see web site) and BigFoot. The original measurements are aggregated to the daily time step for use in the BIOME-BGC model. Missing temperature and precipitation values were filled with data from the Thompson Airport meteorological station, 40 km to the east over flat terrain (Funk 1999). For missing vapor pressure deficit, the minimum temperature was assumed to be the dew point, and for solar radiation the fill-ins were generated following Thorton and Running (1999). If PAR was missing, it was given the value of (0.5 * shortwave flux density).

METHODS

	FIELD
	PRIMARY SOURCE
	IF MISSING

	PRCP
	Tower precipitation
	Thompson airport data

	TMAX
	Tower temperature
	Thompson airport data

	TMI N
	Tower temperature
	Thompson airport data

	VPD
	Tower vapor pressure deficit
	modeled with MTCLIM43

	SWAVGFD
	Tower total shortwave
	modeled with MTCLIM43

	PAR
	Calculated from tower SWAVGFD
	modeled with MTCLIM43


YEARS : 1994 – 2002

Notes : No correction of temperature fields was done for correcting Thompson airport data to the BOREAS NOBS site.
REFERENCES
Funk, B., 1999. AES Canadian Hourly and Daily Surface Meteorological Data. Available online at [ http://www-eosdis.ornl.gov/ ] from the ORNL Distributed Active Archive Center, Oak Ridge National Laboratory, Oak Ridge, Tennessee, U.S.A.
Goulden, M.L., Daube, B.C., Fan, S-M., Sutton, D.J., Bazzaz, A., Munger, J.W., Wofsy, S.C. 1997. Physiological responses of a black spruce forest to weather. Journal of Geophysical Research 102:28,987 – 28,996.

Goulden, M. L., S. C. Wofsy, J. W. Harden, S. E. Trumbore, P. M. Crill, S. T. Gower, T. Fries, B. C. Daube, S.-M. Fan, D. J. Sutton, A. Bazzaz, J. W. Munger. 1998. Sensitivity of boreal forest carbon balance to soil thaw. Science 279:214-217.

Thorton, P.E. and Running, S.W. 1999. An improved algorithm for estimating incident daily solar radiation from measurements of temperature, humidity, and precipitation. Agricultural and Forest Meteorology 93:211-228.

Turner, D.P., W.D. Ritts, W.B. Cohen, S.T. Gower, M. Zhao, S.W. Running, S.C. Wofsy, S. Urbanski, A. Dunn, and J.W. Munger. 2003. Scaling gross primary production (GPP) over boreal and deciduous forest landscapes in support of MODIS GPP product validation. Remote Sensing of Environment 88:256-270.
SEVI:  Sevilleta LTER, New Mexico, USA



Back to Site Table
For the SEVI site, the meteorological data begins with 1991. Data for the years 1991 to 2001 were derived from hourly measurements made at meteorological stations maintained by the Sevilleta Long-Term Ecological Research Program (LTER). Station 40 (Deep Well) was used as the primary source of data, and stations 41 and 44 were used as backup. The Sevilleta LTER station 40 is located within the 5km by 5km study area and approximately 850 meters east of the site eddy covariance flux tower. The original data are available online (http://sevilleta.unm.edu/data/) and use of these data should be consistent with the Fair Use policies of Sevilleta LTER (see web site).
For 2002 and beyond, the data are derived from half-hourly measurements made at the site eddy covariance flux tower (Kurc and Small, 2004). The original measurements are aggregated to the daily time step for use in the BIOME-BGC model. Missing precipitation, temperature, and vapor pressure deficit (VPD) values were filled with data from the Sevilleta LTER. The eddy covariance tower did not measure shortwave flux density (incoming solar radiation). Thus, Sevilleta LTER station 40 was used as the primary source and stations 41 and 44 as secondary sources for shortwave flux density. Remaining missing shortwave flux density values were generated following Thorton and Running (1999). PAR was calculated as 0.5 * shortwave flux density.

METHODS

	FIELD
	PRIMARY SOURCE
	IF MISSING

	PRCP
	Tower precipitation
	LTER met data

	TMAX
	Tower temperature
	LTER met data

	TMI N
	Tower temperature
	LTER met data

	VPD
	Tower vapor pressure
	LTER met data

	SWAVGFD
	LTER met data
	modeled with MTCLIM43

	PAR
	0.5 * SWAVGFD
	


YEARS : 1991 – 2002

Notes : The TMAX and TMIN fields are corrected through the following regression equations which were developed using days where data exist for both places.

Tower TMAX = (0.9592 * Sevilleta LTER TMAX) – 1.2165

Tower TMIN = (1 .0005 * Sevilleta LTER TMIN) + 1.7418

REFERENCES

Kurc, S. A., and E. E. Small. 2004. Dynamics of evapotranspiration in semiarid grassland and shrubland ecosystems during the summer monsoon season, central New Mexico, Water Resour. Res., 40, W09305, doi:10.1029/2004WR003068.

Thorton, P.E. and Running, S.W. 1999. An improved algorithm for estimating incident daily solar radiation from measurements of temperature, humidity, and precipitation. Agricultural and Forest Meteorology 93:211-228.

TAPA:  Tapajos, Brazil






Back to Site Table
For the TAPA site, the meteorological data begins with 2002. It is derived from hourly measurements made at the site eddy covariance flux tower managed by Steven Wofsy (wofsy@fas.harvard.edu). The original data are available online (ftp://ftp.as.harvard.edu/pub/tapajos/km67_flux/) and use of these data should be consistent with the Fair Use policies of LBA (http://www.daac.ornl.gov/LBA/lba_data_policy.html). The original measurements are aggregated to the daily time step for use in the BIOME-BGC model. Fill-ins for missing vapor pressure deficit were generated following Thorton and Running (1999).

METHODS

	FIELD
	PRIMARY SOURCE
	IF MISSING

	PRCP
	Tower filled Precipitation
	NA

	TMAX
	Tower temperature
	NA

	TMIN
	Tower temperature
	NA

	VPD
	Tower dew point temperature
	modeled with MTCLIM43

	SWAVGFD
	Calculated from tower PAR
	NA

	PAR
	Tower PAR
	NA


YEARS : 2002 – 2004

REFERENCES

Thorton, P.E. and Running, S.W. 1999. An improved algorithm for estimating incident daily solar radiation from measurements of temperature, humidity, and precipitation. Agricultural and Forest Meteorology 93:211-228.

Turner, D.P., W.D. Ritts, W.B. Cohen, S.T. Gower, M. Zhao, S.W. Running, S.C. Wofsy, S. Urbanski, A. Dunn, and J.W. Munger. 2003. Scaling gross primary production (GPP) over boreal and deciduous forest landscapes in support of MODIS GPP product validation. Remote Sensing of Environment 88:256-270.

TUND:  Barrow, AK, USA






Back to Site Table
For the TUND site, the meteorological data begins with 1993. Historical data for the years 1993 to 2001 was derived from hourly measurements made at meteorological stations maintained by the Climate Monitoring and Diagnostics Laboratory (CMDL) maintained by the National Oceanic and Atmospheric Administration (NOAA). All data was obtained from the Point Barrow station, which is located several kilometers from the BigFoot tower site. Minimum temperature, maximum temperature, precipitation, and vapor pressure deficit were derived from the hourly meteorological data sets, while PAR and incoming solar radiation were derived from the hourly solar radiation data sets. The original data are available online (http://www.cmdl.noaa.gov/info/ftpdata.html) and use of these data should be consistent with the Fair Use policies of CMDL (see web site). Missing temperature and precipitation values were filled with data from Barrow W Post- W Rogers Arpt another NOAA station located in Barrow, Alaska. This data is available through the NOAA National Climate Data Center (NCDC) (http: / / lwf. ncdc. noaa.gov/oa/ ncdc. htm l). Missing shortwave flux density values were generated following Thorton and Running (1999). PAR was calculated as 0.5 * shortwave flux density.

For 2002 and beyond, the data are derived from half-hourly measurements made at the site eddy covariance flux tower. The original measurements are aggregated to the daily time step for use in the BIOME-BGC model. Missing precipitation, temperature, vapor pressure deficit (VPD), and solar radiation values were filled with data from the CMDL as described above.

METHODS

	FIELD
	PRIMARY SOURCE
	IF MISSING

	PRCP
	Tower precipitation
	CMDL met data, NCDC met data

	TMAX
	Tower temperature
	CMDL met data, NCDC met data

	TMIN
	Tower temperature
	CMDL met data, NCDC met data

	VPD
	Tower vapor pressure
	CMDL met data, MTCLIM43

	SWAVGFD
	2 * Tower PAR
	CMDL solar radiation data, MTCLIM43

	PAR
	Tower PAR
	CMDL solar radiation data, MTCLIM43


YEARS : 1993 – 2002

REFERENCES

Thorton, P.E. and Running, S.W. 1999. An improved algorithm for estimating incident daily solar radiation from measurements of temperature, humidity, and precipitation. Agricultural and Forest Meteorology 93:211-228.


