SBE Dissolved Oxygen Analysis for 2002-31 – G. Gatien





2002-31 is only the second cruise for which the oxygen data has been analyzed since the sensor was repaired. During 2002-16 no analysis was done since the data looked pretty bad and the pump to which it was attached was not performing well.





There are two issues that have to be dealt with:


Calibration – When the SBE43 has equilibrated how does it compare with the titrated values?


Time response – Can we align and/or calibrate the data to correct for poor time-response.





Brief review of methods used for 2002-28 data


During 2002-28 it was found that the calibration between bottles (of which there were many) and the CTD was good – with an offset of 0.093ml/l and no significant dependence on pressure or cast number. Clearly the SBE43 was able to equilibrate by the time the bottles were fired. However, the time-response problem continues to be a serious limitation for the downcast data. This data set included no casts without stops during the upcast, so it was difficult to determine what shift factor was appropriate to align the up and downcasts. Cruise 2002-31 suggests that a shift of +220 records is a good choice. The choice for 2002-28 was settled by comparing the bottles with shifted downcast data. Such analysis suggested 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. 





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





2002-31


During 2002-31 the calibration is not as tight. Tests show that the choice of shift interval varies according to cast and depth. This appears to be related to the descent rate – the slower the descent the smaller the shift needed. This shows that for optimal oxygen data keeping the descent rate steady is necessary. Since the probe cannot possibly capture very small features, it is only necessary to keep the rate steady averaged over a few metres. This also shows that shifting until the up and downcasts overlie each other is only useful if the up and downcast descent rates are the same. A useful measure is to shift the downcast until it resembles the downcast temperature, and until it matches bottle calibrations. A few sample casts were examined:


For cast #46 the downcast descent rate was about 1, but the upcast was about 1.5m/s. The best advance for the downcast is about +220 but this does not lead to a good up/down comparison, presumably because it doesn’t shift the upcast enough.


For cast #69 the ideal advance appeared to be +220 records, the descent rate was about 1 both down and up.


For #84 the descent rate was fairly steady, around 1, occasionally a little lower and +240 had the best effect on the downcast.


For #101 the descent rate was about 0.75 through the thermocline, higher below that and much higher for the upcast. Shifts of +160 records work well in the thermocline but it is difficult to judge at depth because the downcast temperature has a lot of structure not found in the oxygen or upcast temperature.





Using the same approach as applied to the 2002-28 data, the downcast files were put through shifts of 160,180, 200, 220 and 240, then put through DELETE, BIN AVERAGE, THIN and put through COMPARE. The differences were then found between the upcast bottles and the downcast CTD data. The average differences range from 0.16  to 0.19 ml/l. The minimum standard deviation in the differences occurs with the choice of +220 records. If this is taken as indicative of the best match then the addition of 0.18 ml/l gives the best fit with bottles. However, the differences are significantly pressure-dependent and oxygen-dependent so a more complex scheme is probably needed. (See 2231_comp-down_oxy.xls)





Many approaches were tried for calibration and the following scheme was chosen:


The usual comparison of titrated values from bottles and upcast rosette files was made. (See 2231oxy.xls) It showed no significant pressure-dependence but a lot of outliers were ignored. Time and oxygen dependence were great. Using the fit of differences vs SBE_oxy, file 2231rcal1.ccf 


SBE_Oxy (corrected) =  -0.0336 + 1.0774 * SBE_Oxy 


       was created and applied to the rosette files. 


COMPARE was rerun comparing those recalibrated rosette files with titrated values. (223oxy5.xls) (For this and all comparisons that follow only 4 outliers and all data from above 10 db were excluded.) Not surprisingly the oxygen dependence virtually disappears. The pressure dependence is even improved slightly and, most satisfying, the time dependence becomes very slight. 


COMPARE was run comparing the shifted, averaged downcast files with the titrated values (2231oxy4). As expected there is significant variation with time, oxygen and pressure. Then 2231rcal1.ccf was applied to all the averaged, shifted downcast files. Another comparison with bottles indicates some improvement (2231oxy1.xls). The time-dependence is much improved but clearly SHIFT is not enough to remove time-response problems.


Based on 2231oxy1.xls, a recalibration as a function of pressure was applied (2231rcal2.ccf). 


      SBE_Oxy (final) = SBE_Oxy (corrected) - 0.0908 + 0.0004 * Pressure 


Comparison after this recalibration (2231oxy2.xls) showed excellent results with little dependence on time, pressure or dissolved oxygen. [Another approach was also tried using a second oxygen-dependent calibration (2231rcal3.ccf), but was judged less effective. The comparison after using 2231rcal3.ccf  (2231oxy3.xls) showed greater pressure and time dependence, but slightly less oxygen dependence.]





The scatter is large and the anticipated errors in oxygen for 2002-31 are:


Above 10m the values are systematically low, by up to 1 ml/l


±0.4 ml/l  from 0 to 50m


±0.2 ml/l  from 50 to 200m


±0.15 ml/l below 200m


These errors are a little higher than those for 2002-31, probably due to greater variations in the descent rate and a wider range of values and conditions in general. 


