PROCESSING OF SBE OXYGEN DATA

Study of calibration by comparing upcast bottles and upcast CTD data – 2002-28

COMPARE was run on the dissolved oxygen data. The results show that the calibration of the SBE is steady with respect to pressure and time. The SBE dissolved oxygen was low by about 0.093ml/l. This only measures the calibration when the CTD was stopped. It does not address the problem of the very poor time response of this instrument.

Study of calibration by comparing upcast bottles and upcast CTD data – 2002-31

COMPARE was run on the dissolved oxygen data. The results show that the calibration of the SBE is fairly steady with respect to pressure; there is some drift with time, but this may very well reflect the geographic variation. When only casts #45, 48, 51, 54 and 57 are used no drift is obvious. Using all data from 10db down, the SBE dissolved oxygen was low by about 0.236ml/l and using only the five casts mentioned above it was low by 0.207ml/l. The casts excluded (31,33,34 37 and 38) were in more active mixing areas.  We are used to seeing a drift in the calibration in this instrument but it appears to go steadily in one direction. So it is unlikely that it went from -0.093 in 2002-28 to –0.025 for the earlier casts and then back up to –0.021 during 2002-31.  Given the anticipated errors this is not a big difference anyway, but –0.021ml/l seems the best guess for the offset.

Study of alignment by comparing downcasts with upcasts

The study of one cast from 2002-31 suggests that a shift of about 220 records (about 9 seconds) makes the upcast and downcast overlie each other in about the same way as up and downcast temperature do. We cannot do the same kind of estimate for 2002-28 since there were bottle stops on the way up for every cast.

Study of alignment from 2002-28 

The results from 2002-31 were used as a starting point for 2002-28 data. SHIFT was used to advance the dissolved oxygen channel by 160, 200, 220, 240 and 260 records, which are roughly equivalent to 7,8,9,10 and 11s. After shifting, all data was put through bin-averaging, thinned to the depths used for most of the bottles and exported as a spreadsheet for comparison with titrated upcast oxygen. Shifting the data in this way still leaves an average error of about –0.08. When the calibration offset of 0.093 ml/l is added, the resultant errors are about +0.01, i.e. the SBE oxygen from downcasts is about 0.01 ml/l higher than the upcast bottles. This is only a slight improvement over the case with no shift, when the average difference was +0.017. The error goes down gradually as the shift interval is increased, but the differences are so slight that increasing the shift until the average error is zero would require a shift of at least a further 20s. The problem is that we do not know that the error should be zero. The bottles may not contain water from exactly the depth measured by the SBE sensor. The standard deviation is at a minimum for a shift of 240s. So perhaps the difference of –0.01 ml/l is a real difference between sensor and bottle. 

Looking at two casts of maximum pressures 262 db and 750 db it was found that the average gradients were –0.025 and –0.006 db. So an average difference of 0.01 amounts to a difference in depth of from 0.4m to 1.6m. It is quite believable that the water in the bottle is representative of water from 1m deeper, especially given the calm conditions under which these samples were gathered; flushing of the bottles is likely less effective than in open waters. The horizontal currents were strong which complicates the issue. Using the minimum standard deviation as a standard is probably the best method of identifying the appropriate shift, though the differences are very slight. For other cruises using the upcast/downcast comparison is probably the best approach.

There remains the question of whether the same shift should be used for all depths. A brief analysis suggests that +240 records is best for the top 100m and good for 150m downwards. Between 100m and 150m a shift of +160 records or less seems very slightly better, but the difference is not large enough to justify using different values for different depths.

Check on alignment + recalibration for 2002-28

Running COMPARE on the downcast data shifted by +240 records produced very similar results to that done of the upcast data with the average of points in the fit of differences being –0.086 ml/l. Once the offset of +0.093 is added the SBE will be higher than the bottles by an average of +0.007 ml/l.

So using SHIFT of +240 records and applying an offset of +0.093 produces the overall best results. The standard deviations indicate that we should consider the results

±0.3 ml/l in the top 150m 

±0.15 ml/l from 150m to 200m

±0.06 ml/l below

Recommendations for 2002-28

· It is recommended that the data in the CTD files for 2002-28 be put in the archive with a header entry describing the processing technique and a warning of the errors due to time constant.

· The data in the bottle files can be used with some assurance. In future fewer titrations may be required to obtain good oxygen data and for now they can be used as a check for bad titrated values. 

· For the time being it is a good idea to continue doing lots of titrations until we are confident of the reliability of the SBE sensor. 

· A few casts with no bottles on the upcast are helpful in testing alignment.

HEADER ENTRY FOR 2002-28

The Oxygen:Dissolved:SBE data was processed by shifting the data +240 records with respect to the pressure before bin-averaging. An offset of +0.093 ml/l was applied based on bottle comparisons. The oxygen data was not edited. The standard deviations are large in the bottle comparisons suggesting that the errors are on the order of:  

· ±0.3ml/l  from 0 to 150m

· ±0.15ml/l from 150m to 200m

· ±0.06ml/l below 200m.

