Calculation of CO sensor resolution requirements for shipboard eddy covariance

The proposed instrument is commercially available from Los Gatos Research Inc. – their model DLT-100 fast CO and N2O analyzer. The method is off-axis integrated cavity output spectroscopy, and has proven to achieve very high precision in field tests with 1 second standard deviation levels of ~0.1-0.2 ppbv for both species. 

1. Estimate of sea-air flux of CO

{from Bates et al., 1995}:

[CO] in summertime ocean surface waters of the South Pacific (45-60(S) ~ 2.6 nM, or (pCO ~ 2.3 (atm. From Sander 1999 (http://www.mpch-mainz.mpg.de/~sander/res/henry.html), the Henry's law constant for CO is 9x10-4 M atm-1. Then given a mean wind speed of 9 m/s, and a piston velocity of 4.8 m/d a reasonable flux of CO expected from the region is
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this is equivalent to 2.6x10-3 in kinematic flux units of ppb ms-1.  
2. Estimate resolution requirement for measurement such that instrumental noise is only 10% of the flux induced variations.  

{from Rowe et al., in review}:
The resolution requirement, R, can be expressed as 
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where AP' is the "atmospheric parameter", which for slightly unstable conditions is right around 100 (their Fig. 2). For wind speeds of ~10 m/s, the friction velocity can be expected to be ~.35 m/s, so the sensor resolution needs to be 
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or formulated another way based on the air-sea disequilibrium pressure, (pCO, expected we can use their Eq. 29a
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the CPc being their "chemical parameter" made up of the solubility, and the ratio of transfer to friction velocities. From their Fig. 3, its value for CO is 6.3x10-6. By this approach the requisite instrumental noise level is ~0.14 ppb. 
According to tests outlined in Provencal et al. (2010, EGU poster) the 1 s precision of the LGR instrument is 0.14 ppbv for CO. Thus it appears that the technique should be able to measure realistic CO fluxes by eddy covariance with minimal error (~<20%) introduced by instrumental noise. 
Nitrous oxide fluxes from the ocean are observed to be very similar in molar output to CO (1-30 (mol m-2d-1: Cornejo et al, 2007; Law & Ling, 2001), and therefore should require a similar resolution. Again according to LGR, the instrumental precision for N2O is even lower (.09 ppb in 1 s) and thus it should be possible to simultaneously measure N2O fluxes from the ocean. 
_1221079880.unknown

_1221080536.unknown

_1221081193.unknown

_1221076814.unknown

