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PROCESSING NOTES
Cruise: 2008-04
Agency: IOS, Ocean Sciences Division, Sidney, B.C.

Location: Arctic Ocean
Project: C3O/IPY
Party Chief: Melling H.
Platform: Sir Wilfrid Laurier
Date: 27 September 2008 – 14 October 2008
Processed by: Germaine Gatien

Date of Processing: 12 February 2009 – 21 April 2010
Number of original CTD casts:
51(includes repeat casts)
Number of CTD casts processed: 46
Number of original rosette casts: 48 (no data in 7 files)

Number of rosette casts processed: 41
Number of TSG files:

28(includes many tests) 

Number of TSG files processed: 14
INSTRUMENT SUMMARY
The CTD was an SBE-911+ (#0585) equipped with 2 T/C pairs (2374/1764 and 2710/2676) and the following external sensors: Seapoint fluorometer (#2841), SBE 43 Dissolved Oxygen Sensor (#1117), Seatech transmissometer (#1050DR), PAR (#4601), Surface PAR (#20821) and altimeter (#1252). The pressure sensor was #77511. The deck unit was a Sea-Bird 911+ model (s/n 20434-0508).
The rosette sampler was a 24x10-litre Model 1080. 
Thermosalinograph (#3274) was used with an intake temperature sensor (#0271) and had fluorometer (scf 2979) attached.

SUMMARY OF QUALITY AND CONCERNS
Bottles were tripped on the upcast, some with stops and some without. A 1s-window centred -2s before bottle firing was used to convert rosette files for the casts with no stops. For those casts with stops for bottles, a 10s-window centred on the firing time was used.
There were problems with both salinity channels. They differed by ~0.006, both while moving and during stops, although the post-cruise calibration of all sensors indicates there was very little drift in any of the temperature and conductivity sensors. The downcast primary conductivity and salinity data are sometimes very noisy, occasionally even noisier than for the upcast; this problem is chiefly seen in the top 100-200m. The problems with the primary data do not explain the difference between channels which are also seen during stops when there is plenty of time to equilibrate. The secondary salinity data contain fine-scale bi-modal noise (±0.0025) that occasionally disappears for short patches. 
The primary channels were selected for archiving because of the noise in the secondary and because they are much closer to the bottles. While the closeness to bottles is somewhat dependent on the choice of offset in conversion, there is no possible offset that will bring the deep secondary salinity values close to the bottle values. 
Profiles for casts #53, 85 and 97 were not archived, because the downcast salinity data were very noisy and there was a repeat profile at those sites with better data. The bottle files were archived. Cast #75 was repeated because bottles did not close during the first drop. The first file was renamed as #9075 at sea and the repeat cast was named #75. However, the downcast profile from the first cast, 2008-04-9075.CTD, is of better quality than the first, so that was archived. The rosette file, 2008-04-0075.CHE, was taken from the second drop since that is when the bottles actually closed. This is noted in the metadata for each of the files. 
There were only a few cases where Niskin bottles appear to have misfired and no systematic problem with any one bottle. For casts #17, 26, 36, 47, 48 and 67 rosette files were created but no sample numbers were assigned and the files contained no data. For casts #8, 14, 33, 38, 43, 54, 69, 85 and 97 no samples were available, but sample numbers were assigned and there are data in the files, so CHE files have been produced since CTD data may be required or sample data may need to be added later. 
Fluorescence:URU:Seapoint – The data are uncalibrated and unedited. 

Transmissivity: The data are nominal and unedited. 

Based on post-cruise calibrations of temperature and conductivity, the salinity data are considered to be within 0.001. No recalibration was applied. 
The oxygen calibration information used at sea came from a calibration done before a punctured membrane was replaced. A calibration done after those repairs was used in processing so there may be significant differences between these data and data processed at sea. 

The fit of differences between bottle and SBE dissolved oxygen against CTD DO was very unusual, with a rather flat trendline. This might be partly because the range of DO values was very limited, but serious problems were noted by the analyst of the bottle samples. The analysis was done at sea in bad weather and with the temperature in the lab drifting significantly. There were also particles in many of the samples. The dissolved oxygen data were recalibrated by adding 6% to all values. This estimate was based on the comparison with bottles and the results of a previous cruise. The calibration can at best be considered ±2%, which implies possible systematic errors of ±0.2ml/l near the surface and ±0.12ml/l below 200m. The errors due to poor time response in large gradients cannot be assessed, but is typically found to range from ±0.5ml/l near the surface to ±0.1 below 200m. Surface dissolved oxygen saturation values ranged from 95 % to 106% with most just above 100%.
Extracted chlorophyll values were lower than the SBE Fluorescence values by a median factor of 2.5 and an average of 2.4. The ratio ranged from 0.6 to 4.3. There was no obvious dependence on time or pressure. The ratio is inversely related to the extracted chlorophyll values, with a ratio close to 1 when CHL ~1, and then rising quickly as CHL values fall.
The thermosalinograph data were not recalibrated since post-cruise recalibration shows minimal drift. Overall the quality of the data looks excellent; the fluorescence signal is missing from some files. The TSG files do not cover the earliest part of the cruise; they start on October 2nd and end on October 13th.
PROCESSING SUMMARY
1. Seasave - This step was completed at sea; the raw data files have extension HEX.
2. Preliminary Steps
The file names were non-standard; these were changed to standard format.

The Daily Log Book, and an electronic log of rosette sampling were obtained. There was also a text file detailing TSG fluorometer problems.
Spreadsheets were obtained with salinity, dissolved oxygen and nutrients data. There were no chlorophyll or NH4 data available at the time of processing.
The log book was read and entries made in the Particulars section at the end of this report for comments of relevance to CTD processing. The oxygen sensor entered in the log is not the one given in the configuration file. It is assumed this was changed after the list was prepared. The PAR sensor entry changes in the configuration file after cast #1. Whether this was a correction or a replacement is not recorded. Since the first cast was a test the matter was not pursued. 
Note that because the bottles did not close during event #75 at station CS04, the file was renamed 2008-04-9075; a second cast was run to create 2008-04-0075. The two profile plots will be processed and a decision made later about whether both should be archived.
The event numbers for the first 3 CTD casts should be 1, 3, and 7, not 1, 2, 3.
The cruise summary sheet was completed. 

3. Preparation of configuration files
The configuration files were compared and the only changes noted during the cruise were the change in PAR sensor Serial Number between casts #1 and #3, and the change of NMEA position entry from NO to YES between casts #7 and 8. The parameters were checked and the following errors were found:
· The date of the calibration for conductivity sensor #1764 should be 29 May 08, not 22 December 06; the parameters entered were correct for the 08 calibration.

· The pressure calibration parameters had the wrong slope/offset, and an initial study of pressure values suggest that a further offset ~0.9db needs to be applied. So the slope/offset were changed to .999995/-0.2. The offset can be fine-tuned later.
· During 2008-02 there was some confusion over the fluorescence gain. The setting had been changed in CON files from 30X to 1X after cast #82, but no change was made to the cable. The con files were corrected later to 30X. It is believed they should all be 30X for this cruise as well, but the data should be checked to ensure it looks right.
· The transmissometer calibration is said to be from 9 June 2008, but no such calibration could be found in the Arctic calibration spreadsheet. The chief scientist confirmed that there was such a calibration and the parameters are correct.
· The wrong calibration was used for the dissolved oxygen sensor. The parameters were from a post-cruise calibration in January 2008, but the sensor was then repaired and recalibrated in February 2008, so the con file was changed to use those parameters. At the same time the new Sea-Bird algorithm was selected using the nominal values for E, H1, H2 and H3.

· The PAR sensor offset was missing for the files for 2008-04-0002.con to the end. That was added.

· Two digits were reversed in the SPAR serial number. That was corrected.
The changes were made to the con file from cast #1, #3 and #8 and they were saved as 2008-04-ctd1.con (for cast #1), 2008-04-ctd2.con (for casts #3 and 7) and 2008-04-ctd3.con (for casts #8 to the end of the cruise).  

The dissolved oxygen sensor has been used only once since a torn membrane was replaced, and since the new Sea-Bird algorithm was introduced. That cruise did not have sufficiently deep casts to require the hysteresis correction. This one does not have sufficient deep data to enable fine-tuning of the parameters E, H1 and H3, so nominal values will be used. 
Tests were done to see if the Tau correction was useful. It does improve the resolution of gradients, but makes areas of low variability quite noisy. Perhaps this noise level is a good measure of the limit of these instruments. For DO it is 0.02ml/l at 1000m, which matches our estimates in the past for the precision of SBE DO at depth.
4 Conversion of full cast files
The con files described in the above section were used to convert the raw hex files to CNV files. 
The file names for the 2nd and 3rd cast were wrong; they were changed from 2 and 3 to 3 and 7, respectively.
Dissolved oxygen concentration and salinity were not converted, since they are better derived later.
A few casts were plotted to check that the data look reasonable. 
The two temperature sensors are reasonably close, but the two traces are closer on upcasts than downcast, for some casts, which is unusual. The primary is smoother during the upcast than for the downcast which is again unusual. The secondary is smoother for the downcasts, which is what we expect. 
The secondary conductivity has fine-scale noise (~~±0.00015S/m) as was noted during 2008-02; this can only be seen in very low gradients. The upcast is generally noisier than the downcast, and the differences between the pairs are also generally larger for the upcasts. This is as expected.
PAR values are low, with a reasonable shape.

The altimetry looks noisy for some casts, though a signal can be found amid the noise; for other casts it looks fine.

The fluorescence signal looks reasonable with good agreement between down and upcast and a dark value of ~0.045ug/l and most values <1ug/l.

Transmissivity has high values and small spikes at great depth, but there is no notable hysteresis. 
Oxygen Voltage looks as usual with slow response.

5. Conversion of rosette files   

Rosette files were converted using file 2008-04-ctd.con with a 10s window. This will be suitable for the 9 casts with stops for bottles. 
To determine the best window choice for the casts with no stops for bottles, tests were run using bottle data and COMPARE. See section 12 and Appendix I for a discussion of the tests run. Based on those results, hex files from the casts with no stops were reconverted using an offset of -2.5s and range of 1s.

The file names for the 2nd and 3rd casts were wrong; they were changed from 2 and 3 to 3 and 7.
The files were then converted to IOS HEADER format and the extensions were renamed as *.BOT.
The station names and positions were added to casts 1, 3 and 7.

Profile plots of T and S were made for the casts with stops and no outliers were seen. 
6. WILDEDIT

WILDEDIT was run on pressure, temperature and conductivity using settings of 2, 5, 50, 0 for “Standard deviations for pass1”, “Standard deviations for pass 2”, “Scans per block” and “Keep data within this distance of the mean”. 


7. CELLTM
Tests were run on two casts applying CELLTM using a variety of settings; the best results were clearly with (0.03, 9) for both salinity channels, with the choice of (0.0245, 9.5) as a close second. These are the settings that were used for 2008-02 when the same equipment was used.
CELLTM was run applying (α, 1/β) = (0.03, 9) to all casts.
8. DERIVE

Program DERIVE was run to calculate salinity and dissolved oxygen concentration, applying the Tau correction.
DERIVE was run a second time to find the differences between the temperature, conductivity and salinity channels for a selection of casts that went to at least 1000db.
Plots were made to compare those casts. The differences were very noisy. The results at 980db are as follows:

	Cast #
	Temp1-Temp0
	Cond1-Cond0
	Sal1-Sal0
	Descent Rate

	10
	+0.0007
	-0.0004
	-0.0058
	High, very steady

	37
	~0
	-0.0004
	-0.0059
	High, very steady

	43
	+0.0006
	-0.0004
	-0.0057
	High, very steady

	73
	+0.0002
	-0.0004
	-0.006
	High, very noisy

	End 2008-02
	+0.0005
	-0.00026
	-0.0039
	High, steady


The conductivity differences are extremely noisy, but have little variability below 400db. Temperature differences near 1000db don’t vary much, but above that there is a lot of variability with T1-T0 varying from -0.0004 at 400db to +0.0007 at 950db. Cast #37 temperatures vary from +0.0022 at 400db to -0.0004 at 600 and ~0 at the bottom. The salinity variations are slight and more systematic with differences of -0.006 at the bottom and slightly smaller differences at 400db. A look at the temperature profile for cast #37 does show why these differences might be so high – there is a subsurface temperature maximum at ~200db and a minimum around 450db resulting in high local gradients.
The salinity differences are larger than for 2008-02 and 2008-51. During 2008-02 there was considerable variability in the salinity differences through the cruise; this appeared to be related to odd behaviour in the temperature channels, with the primary channel looking bad for some casts and the secondary looking bad in others. For 2008-51 there was no deep sampling.
9. Conversion to IOS Headers

The IOSSHELL routine was used to convert the CNV files to IOS Headers.
CLEAN was used to add event numbers, to replace pad values in the pressure channel using linear interpolation based on record number and to ensure the correct pad value was used for the dissolved oxygen channel.
Attempts to produce a track plot turned up the fact that the first 3 casts did not have positions entered or station names. Those were added. There is a discrepancy about the date of cast #1; the log shows it taking place at 21:31 on September 30, whereas the header gives Oct. 1 at 9:21. The NMEA was not working, so this time is from the “System Upload Time”, so from a computer clock which could easily be wrong. However, there were erasures in the log and the first two events seem to be out of order, suggesting some confusion there too. The log time agrees with the entry in file “IOS 2008-04 Science Stations.xls”, so that time was substituted in the headers. Fortunately, the first cast is shown as a test cast and there was no bottle sampling, so the time may prove unimportant.
The header check and a cross-reference listing were produced. Header station names all matched the log entries, and any inconsistencies in positions and times were insignificant. 
Track plots were produced and were added to the end of this report. The positions look fine. 
The surface routine was run and the average found to be +2.0db with a range of 0.3db to 12.6db. While cast #85 started at 12.6db, the CTD was taken up to 7db before the full cast was run, so this should be ok. The values are generally quite low, but the salinity values are extremely low for many of these readings so the CTD was likely very close to the surface.
The altimetry data from the header were exported to a spreadsheet. Plots were made of about 15 casts, and despite lots of spikes in the altimetry the header readings looked good except for cast #14. The log indicates that cast #14 did not get close to the bottom and a close examination of the file, shows the header algorithm data came from just a few records from the upcast. So the altimetry header was removed from that cast. The log was checked to see if any other readings were for casts that clearly did not get close to the bottom, and no others were found. There was no altimetry entry for the bottle file for #14.
10. Test plots

Plots were made to check whether there was an initial soak after which the CTD was raised before the full cast, as is sometimes done to clear ice from the cell. It was not done routinely, but for casts #79 and  #85 there was such a drop. 
11. Bottle file preparation 

Bottle Files

The BOT files were then averaged on bottle number, and those files were used to prepare a lookup file, ADDSAMP.csv. The ADDSAMP file was edited to add sample numbers based on information in the CTD Daily log book and the rosette chemistry spreadsheet. A few problems arose:

· There were 7 bottles fired for cast #44, but only 5 were given sample numbers. The last 3 bottles were all near-surface bottles. The first two do not contain the usual number of records, so these must all overlap, bottle #7 has the most data in the CTD file, so that one will be assumed to be the one sampled. This gives a good match to the salinity sample. (When bottles are fired very close together, the 10s-windows overlap, so the software copes by cutting the earlier one short, and starting the next.) 
· There were 5 bottles fired, but only 3 sample numbers assigned for cast #45. Again the last of the bottles is best for comparison sake. The log book indicates that bottles #4 and 5 were sampled for biology. So the samples probably came from Niskin #3, but #5 is better for comparison so it will be used. 

· A number of sample numbers were skipped.

· For 7 casts there was a ROS file, but in fact are no data in the files, so no further processing will be done for these casts: 17, 26, 36, 47, 48, 68, 95.

CST files were formed by converting the ADDSAMP file; these will form the framework for the chemistry files. The ADDSAMP file was also used to add sample numbers to the BOT files. (Output: SAM) Because standard deviations are needed in the averaged bottle files and there are too many channels for the routine to work, REMOVE was used to removed the Status:Pump, Altimeter and Flag channels, producing files SAMRED. Those files were bin-averaged on bottle number, and named SAMAVG. REMOVE was run again on those files to remove standard deviations where they make no sense (such as sample #) so the files are not so unwieldy. The output files were named SAMAVGRED. 
It was later discovered that one DO sample was missed. The log lists casts 21 and 22, but in fact there was no event #22. The DO sample said to be from Event #22 was added to the ADD file and MRG file for Event #21. That sample was mislabeled as being sample #109, but should be #119.

Salinity

The salinity data were found in file “SWL 2008-04 Salinity Data_MS_Jan0609.xls” and included 30 duplicates. The file was simplified and saved as 2008-04-sal.csv. The duplicate values were extracted and compared in file 2008-04-salinity-duplicates.xls. The pooled standard deviation of pairs was calculated as


Sp=SQRT (Sum of squares of differences/ 2* number of pairs)

Sp=0.0620 if all duplicates were included, 0.004 if the 1 pair with difference >0.4 was excluded and 0.002 if 4 pairs with differences >0.01 were excluded. 
Five samples among the duplicates had the comment that there was salt on the rim of at least one of the pair. Only 1 of these showed up as an outlier and the bottle that was closest to the CTD was the one with the comment. If the salt was from an external source, not leakage from the sample bottle, then it is likely that the analyst was very careful to avoid salt falling into the samples. The first sample bottle in each cast had the comment “4 flushes” which is presumed to have been done because the salinity had changed from low values to high values as the analyst moved from surface samples to samples from Niskin #1. This is assumed to not require a flag unless the sample stands out in COMPARE.
File 2008-04-sal.csv was then converted to individual salinity files.
Dissolved Oxygen

The dissolved oxygen data were provided in spreadsheet 2008-04_DO Apr9_09.xls. 

The spreadsheet includes a study of duplicates; the analyst calculated the pooled standard deviation of pairs defined as


Sp = SQRT (Sum of squares of differences/ 2* number of pairs)

The result was Sp = 0.209 when 5 out of 31 pairs were excluded. 
The analyst noted that the temperature in the lab was unstable, there were particles in many shallow samples due to mixing from upwelling and rough weather and the replicates were poor.
The file contained comments but no flags. The spreadsheet was simplified, duplicates were averaged, flag “e” was entered where there were no data entered because of problems. 
The file was then converted to individual ADD casts. 
Later in the processing it was decided to add “c” flags to all samples that were not otherwise flagged because of the analyst’s comments plus the results of COMPARE. Those flags were added to the MRG files, but not the ADD files.
Nutrients

The nutrients were provided in spreadsheet “Frozen_NUT to transfer SWL 2008-04, 2009.xls”. It includes a quality study including analysis of replicates. The spreadsheet was simplified and saved as 2008-04-nuts.csv. The header names changed to standard format. Replicates were averaged and an “f” flag entered. There were comments but no flags.  
Extraneous columns were removed and the data were sorted on sample number. The file was then converted into individual NUT files.
Chlorophyll and NH4
Chlorophyll and NH4 bottle data were not available when the MRG files were compiled, but they were added later.
The CST files were merged first with the Sal files (output:MRG1), then with the ADD files (output:MRG3) and NUT files (MRG4). The MRG4 files were cleaned to reduce headers to File and Comments only. Those files were merged with SAMAVGRED files. (Output: MRG)  
12. COMPARE

Tests to determine best window for rosette file creation.
The near-zero drift noted in the factory post-cruise report for the T and C sensors should make it easy to establish an appropriate offset to use in converting the data from rosette bottles fired on the fly. Matching salinity bottles to CTD data should make it clear. Unfortunately, it does not. Many tests were done to establish the best choice of offset, and a decision was made to use a window from -2.5s to -1.5s. Details on the tests may be found in Appendix I. 
Salinity

COMPARE was run using all bottles. When points for which the CTD standard deviation was >0.001 were excluded the primary salinity was found to be high by 0.0012. When points with differences >0.01 were also excluded the salinity was found to be low by an average of 0.001. For the secondary channel there was almost no data left if the 0.001 standard deviation was the limit allowed. A cut-off of 0.0017 was used since it removed the same amount of data as for the primary. The secondary was found to be low by an average of 0.0066. When differences > 0.018 were also excluded from the fit the secondary was still found to be low by an average of 0.0066. When the 7 bottom bottles below 900db were selected, the primary salinity was found to be low by an average of 0.0017 and the secondary by 0.0077. The standard deviations for those averages were ~0.004, so while differences between channels look right, the values may not be. Playing with outliers can produce quite different results.
A comparison was done against time but there is so much scatter that it is hard to interpret. There is a lot more scatter late in the cruise, but that is presumed to be due to the shallow casts run then. If only the 7 deep bottom bottles are selected, the fit looks reasonably flat with time, but the period covered is limited. (See 2008-04-sal-comp1.xls.)
Outliers were identified that did not have large standard deviations in the CTD channels. It is noted that many of the samples from around 16db showed the CTD as too high. These are cases where the local gradient is very high and could indicate either the offset is a little too high, or that the CTD salinity is not very accurate. Since the latter is likely in so sharp a gradient, salinity bottles will not be flagged unless there is other evidence to justify it. The following samples were considered to see if flags were appropriate:

· Sample #1, cast 3 – analyst noted sediment in sample, transmissivity was 0 and DO failed due to sediment – flagged “e”. The CTD obviously hit bottom and all samples are likely affected.
· Sample #9, cast #3 –the descent rate of the CTD was extremely noisy when this bottle was fired, there was a complete reversal of direction. The salinity difference is an outlier in COMPARE. There is probably nothing wrong with the bottle, but it is not likely from the same level as the CTD data. Flagged “d”.
· Sample # 34, cast #10 – Oxygen analyst noted mud in sample. Salinity sample may be slightly higher than expected but not way out of line. Flag “d” attached since the rosette hit bottom, so results are suspect.

· Sample #81, cast #13 – Slightly out of line in COMPARE but there was more variability at the bottom than usual as CTD sank >2db during stop and CTD salinity noisy at times. Bottom current? No flag attached to bottle.
· Sample #240, cast #44 – Slightly out of line in COMPARE, but the two CTD channels are further apart than average, maybe bottom current. No flag attached to bottle. 

· Sample #429, Cast #90 – Slightly out of line in COMPARE, but transmissivity and noisy CTD salinity suggest a bottom layer thick enough to lead to error due to small mismatch of level. No flag attached. 
· Sample #434, Cast #96 – Slightly out of line in COMPARE – shallow bottom sample in area where transmissivity is fairly low. Likely a bottom layer issue. No flag attached.

· Sample #453, Sample #101 – Slightly out of line in COMPARE, but again looks like bottom layer issue. No flag attached.

Just to be sure there is not a problem with any of the Niskin bottles, a run of COMPARE was done with bottle number as the reference channel. No bottle stood out as unreliable. (See 2008-04-comp-niskin.xls.)
Dissolved Oxygen
COMPARE was run and the result is very unusual. The range of DO values are very limited and the trend that strikes the eye is either a simple offset or a trendline with the opposite slope to the usual and an unbelievable zero crossing value of about -0.5ml/l. When the sensor was used in August 2008 the fit was:



DOX_BOT = 1.0627 * DOX_CTD + 0.077

If the trendline for 2008-04 is forced to cross the y-axis with the same offset as for 2008-51 (CTD = 0 when Bottle DO = +0.77) the following fit is found:



DOX_BOT = 1.0438 * DOX_CTD + 0.077

If outliers are removed the slope increases somewhat, but what criteria to use to identify outliers is far from clear. If the offset is set to 0 with the same outliers as above, then the fit is: 


DOX_BOT = 1.0612 * DOX_CTD
The analyst mentioned that the temperature in the lab was unstable, there were particles in many shallow samples due to mixing from upwelling and rough weather and the replicates were poor. So it seems unwise to put too much faith in the bottle samples. 
The results of 2008-51 would suggest that the SBE DO is low by ~6.5 to 7% for the range of DO values seen in 2008-04.This is a very rough guess. 
As a rough check the 2008-04 differences after a few outliers were removed showed the average of differences to be ~6.3% of the average SBE DO value. Next differences from the deeper casts only were included since these samples were less likely to be affected by particles; with a few outliers excluded the average difference is ~5.6% of the average SBE DO value. So guesses of from 5.6 to 7% look reasonable. A choice of 6% looks like a reasonable estimate, but that correction could be out by ±2%, which amounts to ±0.2ml/l in the top 50m, ±0.16ml/l from 50-200m and ±0.12ml/l below 200m. This would be a systematic error on top of the usual errors found for the SBE sensor due chiefly to poor time response which in this case cannot be assessed if we can’t trust the bottles, but which typically are about ±0.5ml/l near the surface, ±0.2ml/l from 50 to 200m and ±0.1ml/l below 200m. 
The duplicates that the analyst noted as outliers do not stand out in the comparison with the exception of one value, and in that case the sample was taken from a level of high temperature gradient and the CTD DO data has a very high standard deviation. So the average will be kept for all replicates, though the “d” flag will be left in place. 
(See 2008-04-dox-comp1.xls.)
Chlorophyll

Extracted Chlorophyll data were not available when the other comparisons were done, but it became available later, so a comparison was done between the SBE Fluorescence data and the Extracted CHL. The SBE Fluorescence was higher than the Extracted CHL by a factor of 2.4(Average) or 2.5(Median); the minimum was 0.6 and the maximum was 4.3. The ratio does not show any obvious dependence on pressure or time. There is an inverse relationship between the ratio and the Extracted CHL values, with the raio close to 1 when CHL is ~1, and the ratio rising as CHL values decrease. Outliers appear random. For more details see file 2008-04-fl-chl-comp1.xls.
13. SHIFT 
Conductivity  
Tests were run on 2 casts to study how to align the primary and secondary conductivity channels to minimize salinity spikes. The best result for both was a shift of +0.5 records, the same setting as selected for 2008-02. SHIFT was run to advance both conductivity channels by +0.5 records for all casts. 

Dissolved Oxygen Sensor

During 2008-51 a SHIFT of +60 records worked best at aligning DO with temperature. For 2008-02 tests were run on three casts advancing the DO channel by from +50 to +80 records. The DO traces were very noisy. The best results were with +60 records. For this cruise there is very little variation in the DO channel, but +60 records does look improve the data, so SHIFT was run on all casts using that value.
14. DELETE
The following DELETE parameters were used: 

 
Surface Record Removal: Last Press Min
Maximum Surface Pressure (relative): 10.00 


Surface Pressure Tolerance: 1.0                  
Pressure filtered over 15 points

 
Swells deleted. Warning message if pressure difference of 2.00

 
Drop rates <   0.30m/s (calculated over 11 points) will be deleted.

    
Drop rate applies in the range 10db to 10db less than the maximum pressure 

 
Sample interval = 0.042 seconds. (taken from header)

COMMENTS ON WARNINGS: There were no warnings.
The 2 casts with initial deep soaks followed by a rise to the surface and then a full cast were examined to see if the DELETE output files contained the best data i.e. keeping the full cast rather than patch the first drop to part of the full cast. Cast #85 looked fine, but for cast #79 the best data had not been selected, so the SHFO files were edited to remove some initial records and DELETE was run again. A note was entered in the header about why data were removed. For cast #67 DELETE removed the top 8db but examination of the file confirms that is reasonable as there were several stops and complete reversals of direction of the CTD in the top 10db. 
In the course of editing it was found that DELETE had selected data from an initial soak period for cast #19, so the SHFO file was edited to remove the unwanted data and DELETE was rerun. 
15. DETAILED EDITING

The choice of whether to archive primary or secondary channels needs to be made before editing. The evidence is confusing:

· The primary channels were closest to the bottles. The differences in the comparison are a function of the offset selected for conversion of the rosette files, but looking at the deep bottles shows there is no reasonable offset that would lead to secondary salinity being close to the bottles. 
· The secondary salinity data are full of fine-scale noise that occasionally disappears for a short patch. It is bi-modal with values above and below the average, but almost never at the average. This is worrisome and might be related to the poor comparison with bottles. 
· There are many unstable features in the primary channels that don’t look like they are caused by shed wake corruption. For example, cast #13 had a very steady descent rate, but T-S plots showed that the primary channels were less stable than either the upcast primary or the downcast secondary. The salinity swings back and forth at places and tests using different alignments did not remove these features. The instabilities are not very significant below 100db and they did not appear in all casts. In some cases there are repeat casts at one site and one looks fine and the other poor. For example cast #96 looks fine but #97 at the same site is poor between 30 and 40db. The descent rate is higher, on average, for the poor cast. For cast #13 the descent rate is steady but high. Could there be a problem with high descent rate? 
What could cause the poor performance of the primary temperature and conductivity during the downcast is not clear. When temperature is increasing the primary is lower than the secondary and when it is decreasing the primary is higher than the secondary, so this could still be a plumbing problem. For the upcast the data are unusually quiet, which might also suggest a plumbing problem as the rosette package creates a wake with lots of noise, and the sensor might not have had sufficient time to react to the rapid changes. 
The discovery of problems with downcast primary temperature and salinity does not seem to explain the differences between the two channels since there is no evidence of a primary problem during stops and the same average differences were found in section 8 from downcast data and from the bottle stops. 
So primary channels were selected for editing. 

Editing was applied where salinity noise looked as though it derived from a mismatch of temperature and conductivity through a temperature gradient, or where there is clear evidence of shed wake corruption. Some unstable features remain in the top 20m; these might reflect real conditions but are more likely due to ship effects. For the unstable features in the top 100m, salinity was edited if it appeared that bin-averaging will not remove the instability.

There were a number of cases where two casts of similar depth were run at the same site. Where one of these has better salinity data than the other, the better profile was selected for archiving. This applies to the following casts:
· Casts 53/54 – cast #54 was better – it was a few metres shallower, but is of much better quality so was selected for the archive.

· Casts 84/85 – cast #84 is better and deeper, so will be archived.

· Casts 96/97 – cast #96 is better and slightly deeper, so will be archived.

· Casts 75/9075 – Cast #9075 is better and just 1m shallower, so will be archived.

All casts were bin-averaged (1db bins) for the archive and in 0.25db bins with standard deviations for the use of Humfrey Melling. T-S plots were examined to see if more editing was required. Some casts were put through a second pass of CTDEDIT, though for many the unstable features are very small scale and mostly at depths likely to be influenced by ship effects, so no further editing was applied to those.
16. Inter-comparisons
Sensor History – 
· The dissolved oxygen was used for only one other cruise (2008-51) before being recalibrated. 
· Both sensor pairs were used shortly after factory recalibration and there are post-cruise calibrations available. For the primary sensors the post-cruise calibration shows a drift in conductivity of <0.001 salinity units and a temperature drift of -0.00025 per year between May 2008 and Feb. 2009. So the resulting drift in salinity is estimated to be <<0.001 at the time of this cruise. 

· The post-cruise calibrations for the secondary pair show no drift in the conductivity and +0.0003C˚ per year in temperature, so there should be no significant drift in salinity.
· The sensors were used for 2008-51, but there were serious problems with the salinometer so the comparison with bottle salinity is not trusted. 
· The pressure sensor has been used many times since it was recalibrated in 2002. There has been a very slow rise in the offset applied in processing. It was recently discovered that the wrong parameters had been used for many cruises using this sensor, but the correct ones were used for this cruise.
Comparison of repeat casts –
There were many repeat casts, but many were shallow in areas of high variability, and in all cases at least one of the pair was shallow. During 2008-02 with mostly the same equipment, the CTD repeatability looked good.
Historic Ranges – No local climatology was available.
17. Quality Control

Plots were made of nearby casts to check for any problems in processing. Near the surface there was a lot of variability and many of the casts have only shallow data. 
Casts #3 and 7 were at the same site and about 2 hours apart. The second cast only went to 77db, but the two compare very well, with temperatures differing by 0.004 C° and salinity by <0.001 at 60m.
Casts #10 and 11 were about 27km apart and sampled to 1000db which was near the bottom for #11 but not for #10. Near the surface they are quite different but along the line σt = 28.0 (~850db) the temperatures differed by ~0.02C° and the salinity by ~0.002. Cast #10 has a much smoother T-S curve than does #11.
Other groups of casts were examined and the progression from offshore to inshore, and alongshore looked reasonable.
18. Recalibration
Based on the post-cruise calibration, no recalibration will be applied to the salinity data.
The pressure will not be recalibrated.

File 2008-04-recal1.ccf was prepared to apply the following correction to the dissolved oxygen channel: 


DOX_BOT = 1.06 * DOX_CTD

First the SAM files were recalibrated and COMPARE was rerun. The results showed the correction was applied correctly. (See 2008-04-DOX-comp2.xls.) 
The correction was then applied to the EDT files. Output: COR1.
From this point onwards 3 sets of files were produced. 
Set 1 was prepared for the IOS archive using the 1db-binned data and no standard deviations.
Set 2 was prepared for Humfrey Melling and those files used the 0.25db-binned data and included standard deviations. A few files that are normally removed were also left in these files: Conductivity:Primary and Oxygen:Voltage:SBE. (An H is added to the extensions for the 0.25db binned files/)
Set 3 was prepared for the Arctic group and is like set 2 except that it has 1db bins. (An A is added to the extensions for these files.)

A check of DO calibration is usually made at this point to see if a further correction is needed to make downcast SBE DO match the upcast bottles. In recent times this is generally not needed, and for this particular data set the bottle DO data are not sufficiently reliable for this step to be valuable, so it will be skipped.
19. REMOVE, CHANGE UNITS, REORDER, HEADEDIT
The AVG files were put through REMOVE to remove the following channels: Scan_Number, Temperature:Secondary, Salinity:T1:C1, Conductivity:Primary, Conductivity:Secondary, Oxygen:Voltage:SBE, Descent_Rate, Status:Pump, Altimeter and Flag. (Output: *.REM)

For the AVGH and AVGA files the following files were removed: Scan_Number, Temperature:Secondary, Salinity:T1:C1, Conductivity:Secondary, Oxygen:Voltage:SBE, Descent_Rate, Status:Pump, Altimeter and Flag and the standard deviations for those channels. (Output: *.REMH)

CHANGE UNITS was used to derive Oxygen:Dissolved:SBE in umol/kg.
Plots were examined and fluorescence, transmissivity, dissolved oxygen, temperature and salinity look ok. The PAR:Reference has occasional spikes at times when no light is expected, but looks reasonable when there is light showing on the PAR sensor. The PAR often has very small non-zero readings right at the surface for night time casts, but possibly this is light from ship operations.   
As a final check of Dissolved Oxygen, the DO saturation was calculated and found to be between 95% and 106% at the surface with most values just above 100%.
HEADEDIT was used to fix channel names and formats and to add the following comments:

Transmissivity and fluorescence are nominal and unedited except that 

some records were removed in editing temperature and salinity. The

fluorometer was unpumped which may reduce the data quality for

those casts with highly variable descent rates.

See file 2008-04-proc.doc for details on how the Oxygen:Dissolved:SBE data were recalibrated.

The Dissolved:Oxygen:SBE calibration can at best be considered ±2%,

with possible systematic errors of ±0.2ml/l near the surface

and ±0.12ml/l below 200m. 

Non-systematic errors in the SBE Dissolved Oxygen due to such factors as
             poor time response and variations in transit time cannot be assessed due to
 problems with calibration bottle analyses, but typically such errors are found to range from ±0.5ml/l near the surface to ±0.1ml/l below 200m.

Salinity data were not recalibrated; the calibration is considered to be ±0.001.
The output files were named CTD, CTDH and CTDA. Additional comments were added to the CTDH and CTDA describing how they were prepared.
As a final check on the files a track plot, cross-reference listing, standards check and header check were run. No errors were found.

20. Producing final bottle files
It was decided that “c” flags should be added to all dissolved oxygen data that had not already been flagged “d” or “e”. This was done to the MRG files; a note of explanation was added to the headers. At the same time, some header comments were simplified.
Plots were made of Dissolved Oxygen (SBE and Bottles) versus salinity. These showed that the SBE DO varies as expected, but there is so much noise in the bottle data, that the results are not useful. Plots against bottle salinity were similar.

The MRG files were put through CLEAN to remove Sea-Bird headers and CALIBRATE. From this point 2 sets of files were produced:
· Set 1 – For the OSD Archive, the files were put through SORT to order on pressure and REMOVE to remove the following channels: Scan_Number, Temperature:Secondary, Salinity:T1:C1, Conductivity:Primary, Conductivity:Secondary, Oxygen:Voltage:SBE, Descent_Rate, Status:Pump, Altimeter and Flag and all standard deviation channels.
· Set 2 – For the use of the Arctic group: as above except that the Conductivity:Primary and Oxygen:Voltage:SBE channels and standard deviation channels were not removed.

Change units was used to add a DO channel with alternate units for both sets.
HEADEDIT was used to fix formats, channel names and to add a comment. The comment varied according to whether there was a stop for bottles or not.

For those casts for which no sample data were available, the comments on processing methods were replaced by the following statement: 
    AT THE TIME OF PROCESSING NO SAMPLES WERE AVAILABLE FOR THIS CAST
The Standards Check routine was run and Header Edit adjusted until no errors remained. 
As a final check a track plot, cross-reference listing and header check were produced and no problems were noted in them.
In November 2010 Extracted Chlorophyll became available so they were merged with the CHE and CHEA files. The spreadsheet was simplified and header names changed to standard format and the file was saved as 2008-04-chl.csv. There were samples for cast #1 but no sample numbers and it was just a test cast, so these were not included. Lines were removed for which there were no CHL values. That file was then converted to CHL files with standard format and units.
The CHE files prepared earlier were sorted on sample number, merged with the CHL and then sorted again on pressure. A comment on analysis method was entered using a text editor for the 12 files with CHL data.

The special files with standard deviations were already in sample # order, so they needed only a simple merge with CHL plus the addition of the comments.

The final files were named CHE and CHEA.
21. Thermosalinograph Data 

The TSG data were provided in 28 hex files with non-standard names. There is a note in the folder about some problems encountered with the TSG. There was an intake thermistor which was an SBE38 with calibrations that upload directly. There was a fluorometer in some of the CON files, but not all. All the files were converted using the CON file created for each at sea. The converted files were examined and it appears that 14 have useful data. Those rejected for further processing are:
· The 5 casts with TEST in the file names.

· File 20080810 which contains a month’s worth of data but predates this cruise and it is not believed to be of interest to anyone. There was no fluorescence in that file.

· There was 1 empty hex file.

· There were many short files mostly with no latitude or longitude recorded. 

· There were a few very short files with reasonable data except for fluorometry, clearly just tests as attempts were made to get the fluorometer recording properly. 

The file names were changed after conversion to standard format, but the last 2 digits from the original file names were maintained for clarity; it should make it a little easier to find the source files if there is a need. All but one file to be processed had names like 200800934 which became 2008-04-0034. The original file 200800932-2 was renamed 2008-04-0032 – it was the only one containing “32”. 
There was an intake thermistor connected but no flow meter.
There was a fluorometer, but for many of these files there was no signal. Work done on the system on October 4th resulted in a reasonable signal appearing in the middle of file 2008-04-0036.
a.) Checking calibrations
The calibrations used at sea were correct. The intake temperature sensor was an SBE38 so the calibrations were uploaded directly. There were post-cruise calibrations for all sensors and the drift reported was -0.0005 per year for the primary temperature sensor, -0.00005/month for the conductivity sensor and -0.00003/year for the intake temperature sensor, so the error in salinity for this cruise due to sensor drift would be <<0.001.
b.) The files were converted to CNV files using the CON files created in acquisition, then renamed as mentioned above. The files were then converted to IOS HEADER format. The first file begins on October 2 and the last ends on October 13, 2010. 

CLEAN was run to add End times and Longitude and Latitude minima and maxima to the headers.

ADD TIME CHANNEL was run to add time and date channels.

Time-series plots were produced and the temperature data look fine, salinity has a few spikes and fluorescence is very low for many. 
The sampling rate is much higher than usual, 12 records per minute.

The data were plotted in 5 groups since they could not all be plotted at once. Track plots were produced with arrows every 2 hours and they look fine. Later the data will be thinned so that a single plot can be produced and added to the end of this report.
c.)  Checking Time Channel
The CTD data, after editing and metre-averaging, were thinned to reduce the files to a single point at or within .5db of 4.5db and exported to a spreadsheet which was saved as 2008-04-ctd-tsg-comp.xls. There were only 15 CTD casts that had usable data near 4.5db and overlapped with TSG records. Data were found in the TSG files for the same times as the CTD casts; lab temperature, intake temperature, salinity, latitude and longitude were added to the spreadsheet. That information was added to the CTD data in file 2008-04-ctd-tsg-comp.xls. 
The positions were compared and were close, with average differences for latitude and longitude of 0.00006º with the largest differences being 0.00024, so the clock is clearly working well.  

This spreadsheet will also be used in step (e) to compare temperature, salinity and fluorescence. 

d.) Comparison of T, S and Fl from TSG and CTD data
T1 vs T2 File #39 was examined to see how much the difference between the lab and intake temperatures varied. The average difference was 0.32Cº with a standard deviation of 0.05Cº. In the spreadsheet the average difference was 0.30Cº, with differences generally largest for the lowest temperatures. During 2008-02 the median difference was 0.167 Cº with values between 0.170 and 0.224Cº, but for that cruise the 4.5db water temperatures varied from 2 to 14ºC, so we expect smaller differences. 
· TSG vs CTD The spreadsheets comparing CTD and TSG files were then examined to find the differences between the fluorescence, salinity and temperature channels for the CTD and the TSG. There were 15 casts that could be used. The CTD data from the Laurier are not particularly reliable in the top 10m especially near ice, so we do not expect great results. So it is not surprising to see a lot of scatter. During 2008-02 it was found that using a shallower level for CTD data would be a good idea, but for this cruise there were so few data available above 4.5db that it is not practical. The TSG temperature is higher than the CTD temperature by an average of 0.4Cº or by 0.33Cº if 2 outliers are excluded and the median is 0. 31Cº. This is surprising large difference and to find temperatures high enough in the CTD record for some casts you have to look as deep as 16db in either upcast or downcast. The near-surface temperatures look well-mixed. So even if this is due to ship effects, why is the intake temperature so much higher? It must be kept in mind that these are averages and the conditions were often very rough. Checking out the full CTD data files does illustrate the difficulty in matching these data sets. Both temperature and salinity are varying rapidly and from one record to the next the differences would vary. Averaging is not very satisfactory for this sort of comparison. For 2008-02 the average difference was 0.22 with a median of 0.16Cº. The TSG salinity is lower than the CTD salinity by an average of 0.24, or by 0.16 if 2 outliers are excluded; the median difference was 0.18 using all data. For 2008-02 the median salinity difference was 0.017. Fortunately, since there are both lab and intake temperatures available, plus a post-cruise calibration of the sensors, this comparison is not critical. A comparison of the fluorescence shows the TSG values to be an average of 0.84 times those of the CTD values with a standard deviation of 0.08 and a median of 0.83. This suggests that both fluorometers were working well. (See 2008-04-ctd-tsg-comp.xls.) 

· TSG intake vs TSG lab temperature during CTD stops It can be useful to look at differences between the TSG intake and TSG lab temperatures versus CTD or Intake temperature. This contributes to the development of a history of loop heating, which may be helpful if there are future cruises on the same ship but without an intake thermistor. Together with comparisons to CTDs we can use the heating history to make an estimate of intake temperature from the lab temperature. The time water spends in the loop is less significant during stops for CTDs as the temporal variations are fairly low so we do not need to be too careful in matching. A plot of the differences against TSG temperature produced the following trendline:

(TSG lab temp – TSG intake temp) = -0.0139 * Intake Temp +0.2921

but the fit is totally unconvincing. A flat line with differences ~0.3 Cº looks reasonable. The poor fit is probably the result of having few CTD casts and a very small temperature range. During 2008-02 the relationship found was a function of CTD temperature and was: 

(TSG lab temp – TSG intake temp) = -0.0086 * CTD Temp +0.2536

That relationship would suggest heating on the order of 0.23 to 0.26Cº for the range of                temperatures seen during this cruise, but there were no input data at such low temperatures during 2008-02 so this is an extrapolation. (See 2008-12-ctd-tsg-comp.xls.)

· Loop Bottle Comparisons There were no loop bottles. 

· Calibration History 

The post-cruise drift report indicates that the temperature sensor in the lab drifted by -0.00005 degC per year, the intake temperature sensor drifted by 0.00003 degC per year  and the conductivity sensor drifted by -0.00005 salinity units per month. 
Conclusions

Because there are temperature data from both the intake and lab there is no need to recalibrate temperature. Salinity drift is <0.001 after a year, so is presumed <<0.001 at the time of this cruise. 

f.) Editing
The time-series plots were examined and isolated spikes in salinity were cleaned for some files and fluorescence data were removed for part of file #36 because there was no signal for most of the file.
g.) Recalibration 

No recalibration was applied. 

h.) Preparing Final Files
REMOVE was run to remove scan_number, record #, conductivity, Temperature:Difference and flag channels.
Reorder was used to place Temperature:Secondary ahead of Temperature:Primary. The channel names were changed so that Temperature:Primary became Temperature:Lab and Temperature:Secondary became Temperature:Intake. Listing the intake temperature first is important so that some data selection programs don’t automatically choose the lab temperature. 
For files 32-35 and 45-46 the fluorescence channel was also removed because no signal was recorded.

HEADER EDIT was used to add a comment, fix one channel name, change the DATA TYPE to THERMOSALINOGRAPH and add the depth of sampling to the header. 

The TSG sensor history was updated. 

The files were thinned to enable production of a track plot which was added to the end of this report. There is one symbol per hour.
Particulars (notes from logs, reports and processing)
1. Test cast, no sample numbers assigned.

2. PAR serial number changed – not known if correction to con file or actual change of PAR. 
7. Pumps were not turned on, so re-surfaced and re-dropped. Stop 2 minutes for each bottle.
13. Two casts – GEO and BIO.
19. Some data from initial soak period removed to enable DELETE to pick best data.
21/22. Two casts in one file – just one drop, but sampling originally planned for 2 casts done together.
28. No sample #145.
36. Bad spikes near beginning – some initial data removed to enable CTDEDIT to work.

53. CTD file not produced – used cast #53 at same site – has better salinity data. CHE file ok.

54. Duplicate salinity not filled.

75. Bottles failed to close on first drop. Data file renamed 2008-04-9075 and then cast 75 run. Data for bottle files from 2008-04-0075. For profile best data is 2008-04-9075.ctd.
75. Pressure at surface ~4db (at level that does not break surface with roll) and on deck ~1db.

79. Ice in cell – lowered to 20m to flush, back up then full cast. Data from initial lowering removed to enable DELETE to pick best data.
84. No sample #409.

85. CTD file not produced – used cast #84 at same site – has better salinity data. CHE file ok.

95. CTD file not produced – used cast #9075 at same site – has better salinity data. CHE file ok

97. CTD file not produced – used cast #96 at same site – has better salinity data. CHE file ok.

APPENDIX I 
SELECTION OF OFFSET FOR CONVERSION OF 2008-04 ROSETTE FILES FOR CASTS WITH NO STOPS

Determining the proper offset to apply to the bottle files proved difficult. It would have been easier if the two salinity channels had agreed (as was expected from the post-cruise calibration) and if the comparison of bottom bottles to CTD data had been less noisy. Tests were run by applying different offsets and ranges, and examining the results in COMPARE. 

A check was made first of a few casts to see if it would be easy to choose an offset by looking for the pressure at which the CTD primary salinity matched bottle values. At depth there was so little variation that very small differences between bottles and CTD suggested very large offsets; the results are just not believable. Nearer the surface, in higher gradients, a level could be determined. See file “convert-study.xls”. The median value using all data was about 1.6db and when outliers were removed first, it was 1.7db. This gives some idea of what to expect. (See convert-study.xls) The chief scientist expected 2s to 3s offsets, equivalent to ~2db to 3db since the descent/ascent rates were kept close to 1, except at the top and bottom. File “2008-04-bottlte-offset.xls” shows the effect of varying offsets on the difference between CTD and bottle salinity for cast #11.
Next conversions were done using offsets of -2s and -3s with ranges of 2s. The results did not show much difference at depth, but the -2s/2s choice looked a little less pressure-dependent and slightly better near the surface. 

Bottom bottles were examined since for most the CTD was stopped. Cast #10 was an exception as the CTD was moving up when the bottle was fired, though the local gradient is small enough that this may not matter. Bottom bottles were examined in COMPARE; any cases where CTD and bottle salinity differed by >0.015 were excluded. The average of the differences indicates that the primary salinity was low by <0.001, but the standard deviation in the fit was 0.005. Trying other methods for choosing outliers suggested it was low by almost 0.002. For the secondary the differences varied greatly according to how outliers were identified, with it appearing to be low by from 0.004 to 0.008. When the same bottles were selected for both comparisons, the primary was low by 0.0006 and the secondary by 0.0066. The difference between these two is in line with the differences noted in section 8. For many of the bottom bottles come from shallow water and there is evidence from CTD variability and from transmissivity that there was a bottom current which complicates the comparison. 
The bottom bottle comparison is not proof that the primary salinity is the more reliable, because there are possible errors from the Autosal and from problems with samples, but it is the best evidence we have. As to why the two salinity channels should be so different when none of the sensors showed significant drift, the only hint is that the secondary conductivity has fine-scale noise. There is no reasonable offset that can bring the secondary salinity close to the bottles, so the primary sensors look like the best bet. 

The criteria devised to establish the proper offset was to try a variety of offsets and examine the differences between bottles and CTD salinity in COMPARE, aiming to minimize pressure-dependence and reduce the noise near the surface. A variety of conversions were tested including one with no offset (window -1s to +1s) and one narrow window (1s). For all the fits the salinity at the surface is biased towards high CTD values, but when data with standard deviations >0.001 are removed this bias disappears.

Four windows were examined in detail. When all bottles were removed from the comparisons for which differences were >0.1 or standard deviations in the CTD salinity >0.001, they all seemed to provide reasonable results. The following table shows the fit of differences against pressure, the average difference and the average difference above 100db.

For the primary channels:
	Window
	Fit Slope/offset
	Average all
	Average above 100db
	# of bottles included

	-2s→0s
	+3E-6/-0.0022
	-0.0012
	-0.0068
	149

	-1s→+1s
	-1E-6/-0.0001
	-0.0005
	-0.0046
	165

	-2.5s→-1.5s
	-4E-6/+0.0008
	-0.0008
	-0.0016
	107

	-3s→-1s
	-6E-6/+0.0021
	~0
	-0.0017
	118


For the secondary channels:
	Window
	Fit Slope/offset
	Average all
	Average above 100db
	# of bottles included

	-2s→0s
	+8E-6/-0.0103
	-0.008
	-0.0168
	149

	-1s→+1s
	+7E-6/-0.0098
	-0.008
	-0.0124
	165

	-2.5s→-1.5s
	+2E-6/-0.0079
	-0.0072
	-0.0083
	107

	-3s→-1s
	-10E-6/-0.0129
	-0.0089
	-0.0162
	118


If we judge these results based on how well the shallow differences resemble the whole water column then the choice of -2.5s to -1.5s is best for both sensor pairs. It also produces an average at the surface that is close to that found for the bottom bottles. It is not much different from the larger window with the same centre (-3s to -1s) which is comforting. The larger offsets do contain less data; having fewer points meeting the criteria would mean a worse fit if it were due to the differences being larger, but it is the larger standard deviations that led to the reduced number of points, which does not imply anything about the fit. The flattest fit against pressure is for zero offset (-1s to +1s), but given the noise level in the surface data this is probably not significant. It is also a poor fit in the top 100db.
The offset chosen was -2.5 to -1.5s.
Institute of Ocean Sciences   

CRUISE SUMMARY

	Cruise ID#:    2008-04

	Dates:   Start: 27 September 2008                   End: 14 October 2008

	Location: Arctic Ocean

	Vessel:  Sir Wilfrid Laurier

	Party Chief: van Hardenberg B.


	CTD#
	Make
	Model
	Serial#
	Used with Rosette?
	CTD Calibration Sheet Competed?

	1
	SEABIRD
	911+
	0585
	Yes
	Yes


CTD CALIBRATION INFORMATION
Make/Model/Serial#:
SEABIRD/SBE911+/0585      Cruise ID#:

2008-04


	Calibration Information

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Pri. Temperature
	2374
	29May08
	Factory
	16Feb09
	Factory

	Pri. Conductivity
	1764
	22Dec06
	Factory
	10Feb09
	Factory

	Sec. Temperature
	2710
	29May08
	Factory
	10Feb09
	Factory

	Sec. Conductivity
	2676
	31Dec02
	Factory
	10Feb09
	Factory

	Fluorometer
	2841
	1Oct06
	?
	
	

	Transmissometer
	1050DR
	9Jun08
	?
	
	

	Oxygen SBE43
	1117
	11Jan08
	Factory
	
	

	Surface PAR QSR2200
	20281
	9Apr07
	?
	
	

	PAR
	4601
	19Dec03
	?
	
	

	Altimeter
	1252
	14Feb07
	?
	
	

	Pressure
	77511
	13Mar00
	Factory
	
	


           TSG 

  Make/Model/Serial#:
SEABIRD/21/3274       Cruise ID#:
2008-04


	Calibration Information

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature
	3274
	16/01/08
	Factory
	9Feb09
	Factory

	Conductivity
	3274
	16/01/08
	“
	9Feb09
	“

	Temperature2, SBE38
	0271
	5/Dec/07
	“
	12Feb09
	“
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