Discussion of salinity from the 3 Laurier cruises 2007-02, -28 and -03.
These cruises involved some casts with stops and some without, and conductivity and temperature sensors were changed after cast #67 of 2007-02.
Duplicate analysis: The duplicates were analyzed and the pooled standard deviation of pairs was calculated as
= SQRT (Sum of differences squared / 2* number of pairs)

The results were:

2007-02 0.00123 (19 pairs)

2007-28
0.0353 (5 pairs)

0.0159 (excluding 1 pair)

2007-03
0.0050 (6 pairs)

0.0006 (excluding 1 pair)

There was some confusion over the samples from 2007-28, mislabelling likely accounts for the high variability.

Potential problems: 
· Questions have arisen in the past year about the results of salinity analysis on the Autosal at IOS. Some comparisons showed the CTD to be reading lower than supported by post-cruise calibrations. This has mostly been observed in processing cruises with shallow sampling and many low salinity samples; comparisons in shallow waters are always noisier than from deep casts, so these results were not clearly a sign of problems with analysis. However, tests run on the linearity of the Autosal suggest that the problems may arise from how that instrument is used. A report on the tests can be found in file “Linearity test-autosal.xls”; it showed results high by ~0.009 at 30psu and ~0 at 35psu. Only 4 values were tested and there are plans to repeat this test later in 2008.
· The analysis of duplicate salinity samples from 2007-28 raises concern over the reliability of sampling for that cruise.
· Some bottles were taken after a stop, some “on the fly”, but there were frequently slow-downs of the CTD for the latter group.
Two questions need to be answered for each sensor:

· What CTD data should go into the rosette files for casts without stops?
· How should we recalibrate the CTD salinity for the 2 sets of sensors (T/C -4115/2607 and 2668/2607) for casts with stops and casts without stops? 
Conductivity Sensor #2607

1. Rosette file preparation for “on-the-fly” sampling
Given that the post-cruise calibration indicates that CTD salinity is close to the bottles, it should be possible to determine what offset is best for creating bottle files to allow for firing on the fly. A study was made of this when the data was originally converted, but since that time the issue of errors in the Autosal analysis has arisen. Reviewing the study with the knowledge that there might be significant errors (particularly in the top 200m) appears wise. 

For casts 20 to 68 with stops for all bottles the CTD was lower than the bottles by 0.0037. There was little pressure dependence in the fit, but so many outliers were excluded near the surface that this is probably not significant. There are more outliers towards negative values than positive, so there may be an inclination to the CTD reading lower there which we would expect if there is an Autosal linearity problem. However, that is not clear. The CTD salinity generally looks lower than the post-cruise calibration indicates. This does not look like a problem due to incomplete flushing, though it could be a combination of that and sampling problems. Among the many sources of error in the comparisons are: CTD noise, possible variability in flushing due to varying ascent rates and variable lengths of stops for bottles, shed wakes affecting CTD and bottles differentially and sampling errors. The best we can do is try to achieve a similar difference between bottles and CTD for the casts without stops as for those with stops.

The casts without stops must be considered in two groups.

· For casts 2-4 the sampling interval was lower, and when originally converted a -8s offset was applied and the range was 2s.  

· For casts 5-19 the sampling interval and header interval were the same. The data were originally selected using -10s offset and 0.5s range. 

Later work on 2007-03 suggested that flushing is not a major problem and those offsets are likely too high. So casts 2-19 were be reconverted. Based on the results of “on the fly” sampling during 2007-03 (with the other C sensor) the data will be converted as follows: For casts 2-4 the real interval was only 0.5s and the header entry for the interval is 0.125s. If we only capture 1s of data, that would only give 2 records which seems risky, so 4s of data will be selected starting 2s before the firing using a setting of -1s/1s. For casts #5-19 we will select data from 1s before the beginning of the range in the BL file with a range of 1s using a setting of -2s/1s. (Note: The conversion settings entered were adjusted to correct for errors in header intervals.)
To see the differences between the two conversions using -1s and -10s COMPARE was rerun. When the original offsets were used CTD near the surface gave salinity that was slightly higher than bottles while at depth the CTD read too low, particularly for casts 5-8 and 11-12. There is no salinity in the profile high enough to match the bottles for those deep samples. 

When the smaller offsets were used the differences for deep bottles varied little from the previous run (higher for some, lower for others), but the CTD salinity for shallow bottles was affected more, as expected, given the higher salinity gradient there. There is a flatter fit of differences against pressure with the CTD reading slightly lower at the surface (on average) than at depth. The data with the smaller offsets look better for insertion in the rosette chemistry files. For details on the comparison see the next section.
2. Salinity Recalibration

These sensors were used only for cruise 2007-02. There was a post-cruise calibration that showed the salinity to be high by about 0.001 in Dec. 2007 after use on at least one other cruise. So the error in July was probably <0.001, and recalibration is not needed. The comparison with bottles from both 2007-02 and 2007-67 suggest that the CTD was low, but as mentioned above, there are some doubts about the salinity analysis. 
COMPARE results for 2007-02: For the casts without stops the CTD was low by 0.0062, on average, with a reasonably flat fit against pressure. However, there is a lot of noise in the comparison. For the casts with stops the CTD was low by an average of 0.0039. Once again the fit is flat with pressure, but there is a lot of variability at the surface. For the 7 bottles with stops below 1500db the CTD is low by an average of 0.005, with a range of -0.0026 to -0.0085. So at depth the two sets of data look quite similar. At the surface there is tremendous variability with most showing the CTD reading low. When all bottles are included and differences >0.05 excluded, then the fit of differences against salinity show the CTD reading much lower at lower salinity than at higher salinity. This is what might be expected if the Autosal linearity is a problem. Quite a few of the bottles showing the CTD high near the surface come from bottom bottles of shallow casts. Given the stops were short for many of those bottles, any errors due to poor flushing would lead to the CTD looking high. Of course, the opposite is true for the other shallow bottles – poor flushing on the upcast would lead to the CTD looking low. 

While the average differences might suggest that by changing the conversion window offset we might get a better match between stop and no-stop bottles, this is not true at depth. And the fact that the deep bottle salinities are higher than the CTD for both cases suggests this is not a problem with flushing. Looking at the full CTD files there are no salinity values high enough anywhere in the profile to match some of the bottles. These results do not fit the post-cruise calibration and suggest a problem with the Autosal.

Conductivity sensor: #2754
This sensor was used for 3 Laurier cruises, 2007-02, 2007-28, 2007-03, and later for 2007-67 in the Strait of Georgia.
1. Rosette file preparation for “on-the-fly sampling
Only cruise 2007-03 had casts with no stops using this sensor. For 2 casts there were stops for all bottles, and for 1 there were stops for most bottles; there were at least short stops for all bottles fired at the bottom (but not all casts had bottom sampling.)

When all data for 2007-03 are included except for those with differences between bottle and CTD > 0.02 or standard deviation in the CTD salinity >0.002, the CTD is found to be low by 0.0057psu. Using a more severe cut-off for standard deviation has little effect on the result. When only bottles without stops are included the CTD is found to be low by 0.0065psu and using only those with stops it is low by 0.0052. For the group with stops, the only bottles above 150db were excluded because they had differences >0.02, with the CTD being low by about 0.02 and 0.05. The shallow bottles without a stop also had the CTD low at those depths, but 2 made it into the fit being just slightly above the cutoff. The differences between these two groups (~0.001) seem slight given the variations at the surface.

When only bottom bottles are included the CTD is low by an average of only 0.0022, or by 0.0038 if we use only bottles below 150db. This lower difference may imply that a small part of the error is due to incomplete flushing with the effect at the bottom having the opposite sign to that on the upcast. 
Ideally we would run tests of different conversion offsets to minimize the difference between bottles and CTD, but the possibility of a salinity-dependent Autosal error makes this approach questionable. Moreover, the ascent speed was highly variable with some major slow-downs at firing times, which would reduce the effect of firing “on the fly” and make interpretation of such tests difficult.
Nonetheless tests were done using offsets of from 1s to 4s and 10s, to see if the results can be judged to remove the pressure dependence other than what the Autosal error might cause. 

Five casts were studied including casts with stops and no stops:

· The 4s-offset worked best for cast #12 (no stops) which had deep sampling, but the differences among the different settings were very slight (all changes <0.0007). 

· For cast #8 a 4s-offset had poor results near the surface but the standard deviation was high in the CTD data for that bottle. For some bottles a zero offset was best but the average was best with 4s. Once again there was little overall effect except on the one shallow bottle. 

· For cast #6 with all deep bottles the effect was best with 4s-offset but the overall change on the average was only 0.0006psu. Finally a 10s offset was applied. This went too far for bottles above 500m and while it improved the deeper bottles, the change was small. It is not clear that any offset is warranted. 

· For cast #14 with bottles from 47 to 657db, offsets of 0, -2, -4 and -10s were tested. For most bottles -10s showed the smallest differences, but for the deepest 0s was best. There seems no useful pattern between bottles with and without stops.
· For cast #21 with bottles from 46 to 303db, offsets of 0, -2, -4 and -10s were tested. For mid depths 0s looked best, while -10s looked best near the top and bottom which were bottles with stops which seems surprising. The standard deviations in the CTD data were high above 300db. 
If standard deviations in the differences are chosen as a means of picking the best fit there were only very slight differences for one cast, -10s looked best for 3 and 0s looked best for a shallow one. Using -10s has a bad effect on some casts. In fact, minimizing standard deviation would not be the best approach if there are Autosal errors that vary with salinity. 

This study is confusing, but as described earlier there are several reasons to expect that. Using an offset to get higher CTD salinity on upcasts does reduce the difference from bottles most of the time, but that is not clearly the right thing to do. The changes are not large, and certainly not large enough to make a significant improvement. Given that the bottle salinity is suspect, the best choice for the rosette files seems to be the files converted with 0 offset.

2. Salinity Recalibration
This sensor was used on 3 C3O cruises. Note that during 2007-02 there were problems with the sampling interval entered in the header, so offsets and ranges had to be manipulated in the conversion process to capture ~4s of data in the bottle files.
When there were stops, the averages show the CTD to be low by 0.0061, 0.006 and 0.0043 respectively. When only the deepest bottles are used the averages indicate that the CTD was low by ~0.004, 0.001 and 0.0025. 

For 2007-03 some bottles were fired without stops (though the CTD often slowed around the time of firing) and the averages show the CTD to be low by 0.0073 or by 0.0064 if only points with pressure>1000db are used or by 0.004 if only points with pressure>2000db are used. 

This sensor was also used for 2007-67 in the Strait of Georgia when the CTD was found to be low by 0.005 and there were stops for that cruise. The comparison was considered to be very noisy and suspicious.
The CTD salinity appears to be low by no more than 0.004. This may be due to calibration error but there are many other sources of error and it would be wise to await a post-cruise calibration of the sensors before recalibrating the CTD data.
