Dissolved Oxygen – C3O/IPY Laurier cruises

Summary of Duplicate analysis

There were duplicates from all three cruises. The pooled standard deviation of pairs was calculated as
= SQRT (Sum of squares of differences/ 2* number of pairs)

The results were:

2007-02
0.0666 (all 40 pairs)

2007-28
0.1981 (all 5 pairs)
0.0313 (excluding 1 pair out of 5)

2007-03
0.0096 (all 16 pairs)
0.0002 (excluding 1 pair out of 16)
There were suspected errors in sample #s for 2007-28 that may account for that poor result. The salinity error analysis for that cruise was also worrisome. This analysis raised general concerns about sampling during 2007-28.
There were two different sensors used for the third cruise, one on an SBE25 and the other on a 911+CTD.

2007-02
COMPARE was run and when records from below 1000db were excluded plus outliers identified based on high standard deviation in the CTD data and a few others based on residuals, the following fit was found using all bottles:


DOX_BOT = 1.0378* DOX_CTD + 0.0442

Separating the data into those with and without stops produced the following fits:


DOX_BOT = 1.0352* DOX_CTD + 0.0694 (with stops)


DOX_BOT = 1.0363* DOX_CTD + 0.0359 (without stops)

When the differences of shallow bottles (P<100db) were compared through the cruise there was little variation with time. It looks like the bottles without stops are quite close to those with stops. Almost all sampling with stops was from shallow casts. For the casts without stops, the CTD was stopped for near-surface bottles and slowed for some other bottles, so the similarity is not as surprising as one might think. 

A comparison was then done between downcast CTD data after initial recalibration and upcast bottles to see if there is an offset that should be applied to account for time-response errors. The complexity of this cruise with some stops and some on the fly sampling make the overall effect hard to predict. The results of this run of COMPARE show that the CTD DO is too high by an average of 0.011. After subtracting that offset, most data fell within ±1ml/L from 0db to 200db, ±0.3 from 150 to 500db and ±0.1 below 500db. 
2007-28

COMPARE was run and when one severe outlier was excluded the following fit was found:


DOX_BOT = 1.005 * DOX_CTD + 0.2403

The relationship changes markedly as more outliers are removed. To decide precisely what should or should not be included, plots of DO versus salinity were used to identify outliers which were identified. With those records excluded, the trendline is:

DOX_BOT = 1.0204 * DOX_CTD + 0.1507
There is an apparent trend with time, but this is probably just a reflection of the dependence on DO since they are higher later in the cruise.

The range of DO was much smaller than during 2007-02 and there was a lot of scatter in the fit. As discussed above there are also concerns that some samples might be mislabelled.
2007-03 
1. For sensor #615 (mounted on the SBE25) there were only 7 DO bottle samples for SBE25 and they came from only 2 casts (#14 and 21) and the CTD was stopped for all but one of them. The range of DO values is very small, from 6.1 to 9.2ml/l for the titrated samples. COMPARE was run and the following fit was found: 


DOX_BOT = 1.0704 * DOX_CTD - 0.3089

When the bottle with no stop is excluded the fit is:


DOX_BOT = 1.0533 * DOX_CTD - 0.1630
2. For sensor #990 COMPARE was run even though the results will be difficult to interpret. The bottle firings were done without coming to a complete stop in most cases, but there were often slow-downs near the firing time. So we can not assume constant speed. Flushing of the Niskin bottles does not appear to be a major problem based on salinity comparisons, but certainly the sensors will not have had time to reach equilibrium due to response time. So the fit does not measure calibration drift; it just tells us how the bottle values compare to DO as measured by the CTD at the depth of firing. Normally we do a 2-part correction, one for calibration drift and one for response time correction. 

Plotting the differences versus CTD and excluding outliers, the fit was: 

DOX_BOT = 1.111 * DOX_CTD + 0.014
Another approach is to plot DOX_BOT versus DOX_CTD using data exported from the MRG files so that points could be chosen according to average descent rate. Gradually removing points with higher descent rate suggests what the correction should be for calibration. The results show that the correction varies little as more points are eliminated. The slope of the fits gradually increase as bottles with higher descent rate are removed and the offset becomes increasingly negative. (See 2008-03-mrg.xls.) If this method worked well it might replace the usual correlation with bottles after a stop, which could be followed by a 2nd recalibration to allow for the response time error. But there is no reason to believe that it does work well. In the absence of any calibration history for this cruise, we can only apply the fit from COMPARE and assume it combines errors due to calibration drift and response time. 
A test correction using the equation from COMPARE was done to see how the results compared with SBE25 casts at the same site. The correspondence is great for casts 6-8 and 12-14, but the 911+ DO for cast #20 looks a little lower than that from the SBE25 DO at 19 and 21 by about 0.2ml/l. While we might treat this as a measure of error, we cannot say whether the error is in the SBE911+ or the SBE25.
A comparison was made after the alignment (SHIFT) step to see how downcast and upcast DO compared for cast #18, at 17 levels between 15 and 900db. Below 250db the average difference was 0.02ml/l (or 0.33%) with the downcast DO reading low and the upcast high, as expected since the DO is increasing with pressure at those depths. The errors in the top 250db were higher and varied in sign in step with the DO gradient. The maximum error found was 0.3ml/l (4.7%) at 100db. This indicates that response time errors range from ±0.15ml/l in the higher gradient levels to ±0.01ml/l in low gradient zones. This is a small proportion of the correction applied using the COMPARE results (~11%).
CONCLUSIONS
For sensor #615 the results of 2007-02 look most reliable.

DOX_BOT = 1.0378* DOX_CTD + 0.0442

For sensor #990 the fit from COMPARE will be used. 

DOX_BOT = 1.111 * DOX_CTD + 0.014
