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Our understanding of the North American terrestrial carbon 
cycle is limited by both a lack of continental atmospheric CO2 
data, and by a need for methods to interpret these and other 
continental data with confidence. In response to this 
challenge, a rapid expansion of the North American carbon 
cycle observational network is underway. This expansion 
includes a network of continuous, continental CO2 mixing 
ratio observations being collected at a subset of AmeriFlux 
towers. We present progress in developing and utilizing this 
growing observational network, including instrument 
development, site installation, calibration and intercalibration 
efforts, and initiation of a uniform data product.

The Virtual Tall Tower (VTT) ApproachThe Virtual Tall Tower (VTT) Approach

* Use at least 4 high-accuracy calibration standards
    - Meant to last >1-3 years
    - Frequency required depends on temperature stability of enclosure

*  Use a "target" [CO2] tank
    - Sample more often than calibration standards to detect short-term instrument issues
    - Meant to last ~1 year, longer if possible

*  Develop 2nd order transfer equation
    - LiCor sensors are slightly non-linear

*  High accuracy CO2 sensor NOT necessary
*  Dry air stream
    - Extremely dry air is not necessary
    - < 300 ppm H2O difference between sample and cal gases ensure <0.1 ppm CO2 error
    - Two Nafion driers can be used in series to eliminate need for N2

*  Temperature control electronics
*  Maintain constant system pressure 
*  Test for leaks into or out of system
*  Monitor airstream moisture level
    - Can use low-cost temperature/relative humidity sensor

Ensuring Long-term accuracy:
*  Include an "archive" [CO2] tank
    - Meant to last 10+ years;  Recalibrate "archive" tank every 2-4 years
    - Detects drift due to changing calibration standards

*  Test system using a traveling test system with independent 
calibration tanks

More information, including site details, examples of data quality, 
parts list, schematic, how-to’s on construction, set-up, and 
maintenance, and intercalibration plans is available at 
www.amerifluxco2.psu.edu.  A database of measured CO2 
concentrations and VTT-adjusted values is planned.
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An illustration of the available data is shown in this plot of 
seasonal cycles of eight continuous, well-calibrated, North 
American [CO2] sites for 2004. This plot shows only 
mid-afternoon values, highlighting day-to-day variability due 
mostly to transport during weather events. The sites 
represented are WLEF (lef), Fraserdale (frs), Southern Old 
Black Spruce (sobs), Southern Great Plains ARM site (sgp), 
Harvard experimental forest (hrv), Moody, Texas tall tower 
(wkt), Western Peatland (wpl), and Argyle, Maine (amt).
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2Continuous, Well-Calibrated CO   
Measurements in North America

 - Canaan Valley, WV
 - WLEF, Park Falls, WI (Intercalibration 
system; to be moved to NOAA tall tower 
site in Iowa for NACP MCI 2007)
 - Chestnut Ridge, TN
 - Ozark, MO
 - Fort Peck, MT

 - IL, MO, IA tristate area
 - southern Wisconsin
 - central Minnesota
 - central South Dakota
 - MN, IA, SD tristate area

PSU “Ring 2” sites in 
support of NACP MCI 
(locations tentative)

NCAR (Stephens)
 - Niwot Ridge
 - Fraser
 - Storm Peak
 - Hidden Peak
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(Andrews)
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NACP MCI (Andrews)
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* Examination of coherence patterns in continental mixing 
ratios in response to weather and climate
*  Application of these mixing ratio measurements in formal 
atmospheric inversions, perhaps utilizing the virtual tall 
tower approach 
*  Future work will merge these methods with interpretation 
of flux towers observations of terrestrial carbon fluxes in an 
effort to create a single coherent diagnosis of North 
American terrestrial carbon fluxes over a multi-year period 

Potential applicationsPotential applications

Well-calibrated [CO
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One way to utilize the continental atmospheric CO2 
observational network data is through the Virtual Tall Tower 
(VTT) approach.  Careful interpretation of surface layer data 
via this method allows cost-effective surface layer tower 
measurements to be used in atmospheric inversions that 
have low resolution in the surface layer.   We sub-sample for 
midday, well-mixed conditions, and use mixed layer 
similarity theory (Wyngaard and Brost 1984) to estimate the 
tall tower (~400 m)  CO2 mixing ratio given the mixing ratio at 
a typical flux tower height (~30m).  The adjustment 
algorithm requires input data readily available at flux towers: 
displacement height and tower top CO2 mixing ratio, CO2 
flux, sensible heat flux, and temperature. We calculate for 
3-6 mid-day hours depending on the time of year, and 
screen for minimum sensible heat flux, boundary layer 
depth, and convective velocity scale. The magnitude of the 
VTT adjustment from a surface layer measurement to a tall 
tower (~400 m) value depends on season, as shown in the 
below table for 6 years of data at WLEF.  Preliminary results 
for Harvard Forest indicate a similar pattern.  The bias, or 
the difference between the VTT-adjusted value and the 
actual measured value, is relatively small for spring, 
summer, and fall.  For comparison, the average estimated    

uncertainty for 76-m 
NOAA-ESRL [CO2] 
during May-August  
2004 was 0.29 ppm 
(Andrews, personal 
communication).   
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