Metadata for the discrete fCO2(20) measurements for cruise A13.5, 2010

The six gas standards used to calibrate the analyzer before and after every eight seawater samples are:

Cylinder serial# 
Dry mole fraction CO2 in air (ppm)
 CA5998 

  205.07 

 CA5989 

  378.71
 CA5988

  593.64 

 CA5980 

  792.51 

 CA5984 

 1036.95 
 CA5940 

 1533.7 

 The standards were obtained from Scott-Marin and referenced against primary standards purchased from C.D. Keeling in 1991, which are on the WMO-78 scale.  
The mass transfer of CO2 in or out of a water sample during analysis induces a change in the carbonate equilibrium affecting the DIC and fCO2 but not the TAlk.  The analytical results for other parameters (DIC, phosphate, and silicate) from the same Niskin are used in calculations to correct for this small change.  If any of these parameters are missing or flagged as questionable (QF= 3) or bad (QF= 4), a value consistent with the surrounding data is assigned.  This assignment of the auxiliary parameters was done for thirty-six CO2 analyses that were flagged as good (QF = 2).  The assignment of values was rarely necessary for the CTD salinity and potential temperature, which were also used in producing the final result.  Analyses were performed at an accurately measured temperature of nominally 20 ˚C. Small adjustments to 20.00 ˚C were performed using the temperature coefficients of the carbonate dissociation constants.  The final result is the fugacity of CO2 at a reference temperature of 20°C, fCO2(20).
The fCO2(20) was plotted as vertical profiles and as sections at discrete pressure intervals versus latitude.   The pressure intervals used were: 5-51 dB, 59-153 dB, 160-550 dB, 574-1552 dB, 1598-3537 dB, and 3350-5800 dB.  Anytime an appreciable anomaly was observed the fCO2(20), TAlk, pH, and DIC were scrutinized to assess if the fCO2(20) should be flagged.

In addition to the examination of the fCO2 analyses in its spatial context, an examination of the fCO2 analyses for internal consistency within the carbonate equilibrium chemistry was done.  For this check, fCO2(20) was calculated from 

(a) DIC and TAlk,  referred to as fCO2(DIC,TA) and 

(b) DIC and pHT(20) (= pH on total scale at 20 ˚C),  referred to as fCO2(DIC,pH) 

using the CO2sys macro in Excel developed by Pierrot based on the original BASIC program of Lewis and Wallace.  Salinity, silicate, and phosphate as provided in the bottle data file were used as auxiliary parameters.  The calculations were performed with the carbonic acid dissociation constants of Mehrbach as refit by Dickson and Millero, and the sulfate dissociation constant from Dickson. Note that the Alkalinity and pH values were the preliminary ship-based values.  These two fCO2(20) values were only calculated if the DIC, TAlk, and pH measurements were flagged as good (QF=2).  Anomalous differences drew scrutiny.
The differences between the analytical fCO2(20) and the two calculated fCO2(20) values are summarized. 




  Avg Difference (µatm) 
StdDev (µatm)   

fCO2(20) - fCO2(DIC,TA)

-14.06


   26.68

fCO2(20) - fCO2(DIC,pH)

  11.86


     6.17


From these examinations, twenty-two Niskins associated with outlying fCO2 analyses were identified as likely miss-trips.  Seven of these fCO2 analyses are flagged as bad (QF=4); fifteen are flagged as questionable (QF=3).  Two of the fifteen questionable values were actually averages of duplicate samples (Stn# 79, N# 15 and Stn# 103, N# 5).  The duplicates are included in the precision statistics reported below, since the placement of the Niskin in the water column does not matter to the reproducibility of the sample draw and analysis.

There were fifteen fCO2 analyses that were outliers from Niskins that were not likely miss-trips.  Eleven of these analyses are flagged as bad; nine are flagged as questionable.  There was one sample from a duplicate pair that was an outlier, so the other samples was reported and flagged as good (QF=2).  The decision whether an fCO2 analysis was bad or questionable was based on how inconsistent the value was relative to the surrounding data.  The contextual QC check was done by Kevin Sullivan; additional contextual and the internal consistency QC checks were done by Rik Wanninkhof.

There were 183 pairs of duplicate samples drawn from Niskins on 101 stations.  The average relative difference between all the pairs was 0.250 % (+/- 0.287 %).  If the four relative differences above 1% are excluded (~95% confidence interval), the average relative difference was 0.220 % (+/- 0.209 %).  
