http://www.uswcl.ars.ag.gov/epd/co2/co2face.htm
http://aspenface.mtu.edu/
http://cdiac.ornl.gov/programs/FACE/face.html
http://www.pmel.noaa.gov/co2/co2-home.html
FACE stands for Free Air CO2 Enrichment. FACE technology is capable of providing a means by which the environment around growing plants may be modified to realistically simulate future concentrations of atmospheric carbon dioxide (CO2). Unlike growth chambers and greenhouses, no containment is required with FACE designs. Previously difficult-to-study natural conditions such as temperature, precipitation, pollination, wind, humidity, and sunlight are now possible. In addition, there are, in theory, no plant size or growth problems caused by the constraint of enclosures (although the system must be sized, or expandable, to accommodate the anticipated future size of the plants during the lifetime of the experiment). Therefore, long-term studies may be conducted. FACE field data represent plant and ecosystem responses to concentrations of atmospheric CO2 in a natural setting possible during the next century.

The most sophisticated FACE system was designed by Brookhaven National Laboratory's FACE Group, although simpler systems [e.g., Mini-FACE (see Miglietta et al. 1996) and MidFACE] are also in use. The Brookhaven design, summarized here, consists of a CO2 tank, vaporizers, high-volume blower, a plenum or wide ring-shaped pipe for air distribution, vertical standing vent pipes for emitting CO2 into the [image: image1.jpg]Liquid €O, Tank
]
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exposure area, sensors to measure wind speed, wind direction, and CO2 concentration, and finally a computer-control system to regulate and monitor CO2 releases. Wind direction, wind speed, and CO2 concentration are measured by sensors at the center of each ring. The computer-control system receives information from these sensors via fiber optics and uses the information to adjust the CO2 flow rates to maintain the desired CO2 concentration at the center of the FACE ring. The system then uses the wind direction information to turn on only those pipes upwind of the plots, so that CO2 -enriched air flows across the plots, no matter which way the wind blows. The CO2 flow rate is updated every second, and the choice of which vertical pipes to release from is updated every 4 seconds. This feature reduces CO2 losses that would occur if it were released on the downwind side and reduces the potential for carryover of injected CO2 to adjacent plots. The entire FACE system is designed to cause no significant changes to the plots' terrestrial environment or natural airflow.
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FACE research technology creates a platform for multidisciplinary, ecosystem-scale research on the effects of elevated atmospheric CO2 concentrations over extended periods of time. In doing so, a large amount of high-CO2-grown plant material can be produced, enough to support the research of many cooperating scientists. This would encourage research by teams of investigators, who can study different aspects of an ecosystem's response to CO2 enrichment. This concurrent use by numerous independent scientists provides economies of scale and the potential to gain new insights into ecosystem responses that are difficult or impossible to obtain with smaller scale studies. 

Australia

Yabulu, Queensland (19o S, 147o E)

Ecosystem: Tropical savanna + planted eucalypt and acacia seedlings
Contact: Andrew Ash (Andrew.Ash@cse.csiro.au)
Web Site: 
CO2: 450 ppm, 550 ppm
Plot diameter: 15 m 
Sponsor: Commonwealth Scientific and Industrial Research Organisation, James Cook University, Queensland Nickel Industries 

Pontville, Tasmania (42o 40' S, 147o 20' E)

Ecosystem: Native grassland
Contact: Mark Hovenden (Mark.Hovenden@utas.edu.au)
Web Site: 
CO2: 550 ppm (pure CO2, no blower)
Plot diameter: 1.5 m (Mini-FACE)
Sponsor: IATA-CNR (Institute of Agrometeorology and Environmental Analysis), University of Tasmania 



Brazil

Brazil (proposed)

Ecosystem: Tropical rain forest
Contact: Antonio Miranda (amiranda@guarany.cpd.unb.br)
Web Site: 
CO2: 
Plot diameter:
Sponsor: 



England

Cumbria

Ecosystem: Bog (BERI)
Contact: Marcel Hoosbeek (marcel.hoosbeek@bodeco.beng.wag-ur.nl)
Web Site: http://www.joensuu.fi/mekri/beri/index.htm 
CO2: 560 ppm
Plot diameter: 1 m
Sponsor: Commission of the European Union 



Finland

Mekrijarvi (62o 47' N, 30o 56' E)

Ecosystem: Bog (BERI)
Contact: Marcel Hoosbeek (marcel.hoosbeek@bodeco.beng.wag-ur.nl)
Web Site: http://www.joensuu.fi/mekri/beri/index.htm 
CO2: 560 ppm
Plot diameter: 1 m
Sponsor: Commission of the European Union 



France

Clermont-Ferrand

Ecosystem: Temperate grassland (MEGARICH)
Contact: Jean-Francois Soussana (soussana@valmont.clermont.inra.fr)
Web Site: 
CO2: 600 ppm
Plot diameter: 1-2 m (Mini-FACE)
Sponsor: 



Germany

Braunschweig (52o 18' N, 10o 26' E)

Ecosystem: Agronomic crops, crop rotation:

· Winter Barley (October 1999-June 2000) 

· Cover Crop: Grass (August 2000-October 2000) 

· Sugar Beet (March/April 2001-September 2001) 

· Winter Wheat (October 2001-July 2002) 

Contacts: Prof.Dr. H.-J. Weigel (hans.weigel@fal.de)
Dir.u.Prof.Dr. U. Düammgen (ulrich.daemmgen@fal.de)
Dr. Cathleen Fruehauf (cathleen.fruehauf@fal.de) 

Web Sites: http://www.aoe.fal.de/ 
http://www.face.bnl.gov/LiveLook/Germany/TopPage.htm 

CO2: 550 ppm, 2 nitrogen treatments
Plot diameter: 20 m (BNL design)
Sponsor: 

Giessen (50o 32' N, 8o 41.3' E)

Ecosystem: Potatoes (CHIP), grassland
Contacts: 

· Potatoes (CHIP): Andreas Fangmeier ( afangm@uni-hohenheim.de) 

· Grassland: Ludger Grünhage ( Ludger.Gruenhage@bot2.bio.uni-giessen.de) 

Web Sites: 

· Potatoes (CHIP): http://www.var.fgov.be/chip.php 

· Grassland: http://www.uni-giessen.de/~gf1034/ENGLISH/Plumex-1.html 

CO2: 

· Potatoes (CHIP): 560 ppm

· Grassland: 20% above ambient 

Plot diameter: 8 m
Sponsor: Commission of the European Union, Hessian Agency for the Environment and Geology 

Munich

Ecosystem: Temperate grassland (MEGARICH)
Contact: Hans Payer (payer@gsf.de)
Web Site: 
CO2: 600 ppm
Plot diameter: 1-2 m (Mini-FACE)
Sponsor: 



Hungary

Godollo (47o 30' N, 19o 18' W)

Ecosystem: Perennial loess grassland community (dominated by Festuca rupicola, Dactylis glomerata, Agropyron intermedium, Salvia nemorosa, Salvia pratensis, Filipendula vulgaris (MEGARICH)
Contact: Zoltan Tuba (tuba@fau.gau.hu)
Web Site: 
CO2: 600 ppm
Plot diameter: 1-2 m (Mini-FACE)
Sponsor: 



India

New Delhi (28o 4' N, 77o 12' E)

Ecosystem: Brassica spp. and rice (Oryza) cultivars
Contact: Dinesh C. Uprety (dcu@iari.ernet.in)
Web Site: 
CO2: 560 ppm
Plot diameter:
Sponsor: Indian Council of Agricultural Research (ICAR), Asia-Pacific Network for Global Change Research 



Ireland

Dublin

Ecosystem: Temperate grassland (MEGARICH)
Contact: Mike Jones (jonesm@tcd.ie)
Web Site: 
CO2: 600 ppm
Plot diameter: 1-2 m (Mini-FACE)
Sponsor: 



Italy

Rapolano

Ecosystem: Temperate grassland (MEGARICH), potatoes (CHIP), agronomic crops 
Contacts: 

· MEGARICH: Antonio Raschi (Raschi@iata.fi.cnr.it) 

· Potatoes (CHIP) and Grapes: Marco Bindi (bindi@sunserver.iata.fi.cnr.it) 

· Wheat and Castor Bean: Franco Miglietta (migliet@iata.fi.cnr.it 

· Soybean and Millet: Alessandro Peressotti (peressotti@palantir.dpvta.uniud.it 

Web Sites: 

· Potatoes (CHIP): http://www.var.fgov.be/chip.php 

CO2: 560-600 ppm
Plot diameter: 1-2 m (Mini-FACE), 10 m x 3 m rectangle, 8 m (Mid-FACE), 22 m, 30 m
Sponsor: Commission of the European Union, Ministry for Agriculture (Italy) 

Viterbo (42o 37' N, 11o 80' E)

Ecosystem: Poplar plantation (POPFACE)
Contact: Giuseppe Scarascia-Mugnozza (gscaras@unitus.it)
Web Site: http://www.unitus.it/dipartimenti/disafri/progetti/Popface/ 
CO2: 550 ppm
Plot diameter: 20 m
Sponsor: Commission of the European Union, Italian Ministry of University and Scientific Research 



Japan

Shizukuishi (39o 38' N, 140o 57' E)

Ecosystem: Rice & paddy field
Contact: Kazuhiko Kobayashi (clasman@niaes.affrc.go.jp)
Web Site: http://ws234.niaes.affrc.go.jp/riceface/Introduction_to_RiceFACE/English/sld001.htm 
CO2: ambient + 200 ppm
Plot diameter: 12 m
Sponsor: Japan Science and Technology Corporation 



The Netherlands

Wageningen (52o N, 60o E) 

Ecosystem: Bog (BERI)
Contact: Marcel Hoosbeek (marcel.hoosbeek@bodeco.beng.wag-ur.nl)
Web Site: http://www.joensuu.fi/mekri/beri/index.htm 
CO2: 560 ppm
Plot diameter: 1 m
Sponsor: Commission of the European Union 



New Zealand

Bulls (40o 14' S, 175o 16' E)

Ecosystem: Grazed pasture grassland
Contact: Paul Newton (newtonp@agresearch.cri.nz)
Web Site: BNL design
CO2: 475 ppm
Plot diameter: 12 m (similar to )
Sponsor: 



Panama

Sardinilla (proposed)

Ecosystem: Tropical rain forest
Contact: Catherine Potvin (czcp@musica.mcgill.ca)
Web Site: http://www.mcgill.ca/Biology/faculty/potvin/ 
CO2: 550 ppm
Plot diameter: 30 m (BNL design)
Sponsor: USDOE/OBER 



Sweden

Kopparasmyren (57o 7.5' N, 14o 30' E)

Ecosystem: Bog (BERI)
Contact: Marcel Hoosbeek (marcel.hoosbeek@bodeco.beng.wag-ur.nl)
Web Site: http://www.joensuu.fi/mekri/beri/index.htm 
CO2: 560 ppm
Plot diameter: 1 m
Sponsor: Commission of the European Union 



Switzerland

ETH-Z (Eschikon)

Ecosystem: Grassland
Contact: Josef Noesberger (josef.noesberger@ipw.agrl.ethz.ch)
Web Site: http://www.fb.ipw.agrl.ethz.ch/FACE.html 
CO2: 600 ppm
Plot diameter: 18 m (BNL design)
Sponsor: Commission of the European Union; Federal Office for Scientific, Technical and Cultural Affairs (Belgium) 

Hofstetten (47o 30' N, 7o 30' E)

Ecosystem: Mature temperate forest (Fagus, Quercus, Carpinus, Prunus, Acer, Tilia)
Contact: Christian Körner (ch.koerner@unibas.ch)
Web Site: http://www.unibas.ch/botschoen/07/01/1e.htm 
CO2: 600 ppm
Plot diameter:
Sponsor:Swiss National Science Foundation 

Les Chaux-des-Breuleux (47o 13' N, 7o 3' E)

Ecosystem: Bog (BERI)
Contact: Marcel Hoosbeek ( marcel.hoosbeek@bodeco.beng.wag-ur.nl)
Web Site: http://www.joensuu.fi/mekri/beri/index.htm 
CO2: 560 ppm
Plot diameter: 1 m
Sponsor: Commission of the European Union 

Stillberg - Davos (46o 45' N, 9o 45' E, elevation 2180 meters above mean sea level)

Ecosystem: Treeline ecotone (Laris decidua, Pinus uncinata)
Contact: Stephan Hättenschwiler (Stephan.Haettenschwiler@unibas.ch)
Web Site: http://www.unibas.ch/botschoen/07/13/1e.htm 
CO2: 550 ppm
Plot diameter: 1.3 m
Sponsor:Swiss National Science Foundation 



United States

Caribou/Poker Creeks Experimental Watershed, Alaska (proposed) (65o 9' N, 147o 3' W)

Ecosystem: Bog
Contact: Bjartmar Sveinbjornsson (afbs@uaa.alaska.edu)
Web Site: 
CO2: 560 ppm
Plot diameter: 1 m (Mini-FACE)
Sponsor: 

Urbana-Champaign, Illinois (40o 2' N, 88o 13' W)

Ecosystem: Soybean (Glycine max) (SoyFACE)
Contact: Stephen P. Long (stevel@life.uiuc.edu)
Web Site: http://www.soyface.uiuc.edu/index.htm 
CO2: 550 ppm
Plot diameter: 20m
Sponsor: Archer Daniels Midland; Argonne National Laboratory; Illinois Council on Food and Agricultural Research; U.S. Department of Agriculture, Agricultural Research Service 

Cedar Creek Natural History Area, Minnesota (BioCON) (45o 24' N, 93o 12' W)

Ecosystem: C3 & C4 grasses
Contact: Dan Bahauddin (bahau001@gold.tc.umn.edu)
Web Site: http://www.lter.umn.edu/biocon/
CO2: 550 ppm
Plot diameter: 20 m (BNL design)
Sponsor: USDOE/OBER 

FACTS-I (Durham, North Carolina) (35o 58' N, 79o 5' W)

Ecosystem: Loblolly pine forest
Contact: Ram Oren (ramoren@duke.edu)
Web Sites: http://www.env.duke.edu/forest/FACTSI.htm (general information)
http://152.16.58.129/site/main.html (technical information)
CO2: Ambient + 200 ppm
Plot diameter: 30 m (BNL design)
Sponsor: USDOE/OBER 

FACTS II (Rhinelander, Wisconsin) (45o 36' N, 89o 42' W)

Ecosystem: Aspen (Populus tremuloides) forest
Contact: David Karnosky (karnosky@mtu.edu)
Web Site: http://oden.nrri.umn.edu/factsii/
CO2: Ambient + 200 ppm
Plot diameter: 30 m (BNL design)
Sponsor: USDOE/OBER, NCASI, USDA/FS Northern Global Change Program, NSF 

Jasper Ridge, California (37o 24' N, 122o 14' W)

Ecosystem: Grassland (dominated by annual grasses, Avena barbata and Bromus hordeaceus; and forbs, Geranium dissectum and Erodium botrys spp.)
Contact: Chris Field ( chris@jasper.stanford.edu)
Web Site: http://jasper1.stanford.edu/research/projects/global.html 
CO2: 2 x ambient
Plot diameter: 2 m
Sponsor: NSF 

Maricopa, Arizona (33o 4' N, 111o 59' W)

Ecosystem: Agronomic crops
Contact: Bruce Kimball (bkimball@uswcl.ars.ag.gov)
Web Site: http://www.uswcl.ars.ag.gov/epd/co2/co2face.htm
CO2: Ambient + 200 ppm
Plot diameter: 23-25 m (BNL design)
Sponsor: USDA/ARS, USDOE/OBER, PIK 

Nevada Desert FACE Facility (NDFF) (36o 49' N, 115o 55' W)

Ecosystem: Mojave Desert scrub community (dominated by Larrea tridentata, Ambrosia dumosa, Lycium spp.)
Contact: Lynn K. Fenstermaker (lynn@dri.edu)
Web Site: http://www.unlv.edu/Climate_Change_Research/
CO2: 550 ppm
Plot diameter: 23 m (BNL design)
Sponsor: USDOE/EPSCoR, NSF, Nevada Test Site, State of Nevada 

Oak Ridge, Tennessee (35o 54' N, 84o 20' W)

Ecosystem: Sweetgum plantation
Contact: Richard Norby (norbyrj@ornl.gov)
Web Site: http://face.ornl.gov 
CO2: 550 ppm
Plot diameter: 25 m (similar to BNL design)
Sponsor: USDOE/OBER, National Science Foundation, Oak Ridge National Laboratory Director's R&D Fund 

Sky Oaks, California (33o 22' N, 116o 37' W)

Ecosystem: Chaparral
Contact: Walter Oechel (oechel@sunstroke.sdsu.edu)
Web Site: http://www.sci.sdsu.edu/GCRG/skyoaks/SkyOaks.htm 
CO2: 550 ppm
Plot diameter: 16 m
Sponsor: WESTGEC, Southern California Edison, U.S. - Spain Joint Commission on Science and Technology

