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	2 April 2025
	   Updated channel names & formats in TOB files. GG

	27 May 2010
	An error was found in the calibration parameters used in processing this cruise. It is estimated that pressure is low by <0.5db, so no correction was applied. For details see file “Report on Calibration Errors for Pressure Sensor #77511, CTD 0585 “ in Osd_Date_Archive\Cruise_Data\DOCUMENTS

	
	


PROCESSING NOTES
Cruise: 2008-02
Agency: IOS, Ocean Sciences Division, Sidney, B.C.

Location: North Pacific & Bering / Chukchi / Beaufort Seas
Project: C3O/IPY
Party Chief: van Hardenberg B. / Vagle S.
Platform: Sir Wilfrid Laurier
Date: 2 July 2008 – 29 July 2008
Processed by: Germaine Gatien

Date of Processing: 12 February 2009 – 5 February 2010
Number of original CTD casts:
102
Number of CTD casts processed: 101 (one upcast only)
Number of original rosette casts: 99
Number of rosette casts processed: 99
INSTRUMENT SUMMARY
The CTD was an SBE-911+ (s/n 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 (S/N #52), Seatech transmissometer (1050DR), ISUS nitrate sensor and altimeter (S/N 40853). 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.

For further details on equipment and sampling see “Cruise Report C3O/IPY 2008-02”.

SUMMARY OF QUALITY AND CONCERNS
The processing was complicated greatly by having Niskin bottles fired out of order. This should be easy to handle, but is not since the bottle number produced in the conversion process is a sequential number, not the position number. This “bug” was reported to SeaBird and they are working on it. The preparation of the file associating sample number to bottle firing order and the addition of CTD data to the chemistry rosette spreadsheet were complex, error-prone and hence very time-consuming jobs. 

Another processing problem was the delay in getting bottle analysis data. Starting the job in the expectation that the data will soon be available, and then getting interrupted does make the job longer and more error-prone. It would be more efficient to wait until all analyses are done before starting.
There were some problems with the CTD data. The differences between the temperature sensors changed in what appears to be a random fashion. The secondary temperature data were bad for part of one upcast, and in general the secondary conductivity data are noisy, though the traces have some smoother patches. The post-cruise calibration indicates there was no significant drift in the temperature and conductivity sensors, so any problems with the CTD are assumed to be due to plumbing or pump problems or other instrumental noise.
Bottles were tripped on the upcast with stops. No bottle file was produced for cast #25 because no bottles closed.

The comparison of CTD salinity with bottles shows much more scatter than usual, and the differences are larger than can be explained by the observed CTD problems. The analyst felt the Autosal was performing well, but noted many cases of problems with bottles. It seems likely that there were serious problems with either the gathering or storage of salinity samples. The comparison of CTD dissolved oxygen data with bottles looks excellent, so the problems with salinity are unlikely to have been caused by bottles misfiring or leaking.

The fluorescence data were frequently offscale (>5mg/m3).
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, but there are other sources of error that are most significant in high-gradient regions, when there were pump/plumbing problems or when descent rates were highly variable. No recalibration was applied.
There is contradictory evidence about the pressure calibration. Use of the same sensor before and after this cruise consistently led to the use of an offset of +0.4db and that has been applied to these data. A test done at sea implies that the pressure is too high by ~2db but close examination of a few data files indicates that the CTD was definitely in the water when reading 1db. 
The dissolved oxygen data were recalibrated based on comparison with bottles. The SBE dissolved oxygen data in the CTD files appear to be, roughly, within:

      •
±0.6ml/l from    0 - 200m

      •
±0.2ml/l from   200 - 500m

      •
±0.1ml/l from    500 - 1500m

      •
±0.02ml/l below 1500m

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, a science cruise report and an electronic log of rosette sampling were obtained. A spreadsheet was obtained with salinity data.
Spreadsheets were obtained with salinity, dissolved oxygen and nutrients data. The NH4 and extracted chlorophyll bottle data were not 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. There were many reports of problems with the ISUS, PAR and altimeter and occasional large differences between T and C sensors. 
The cruise summary sheet was completed. 

3. Preparation of configuration files
The configuration files were compared and there were no significant changes during the cruise. 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 offset for the pressure sensor was set to -0.6db whereas a setting of +0.4db has been used for other cruises using this sensor over the past few years. This -0.6db is often used but this is thought to just be an error that drifts from one cruise to another. It was changed to +0.4db.
· The fluorescence gain was changed from 30X to 1X after cast #82, but the con files were corrected later. All now have 30X which is believed to be correct.

· 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 changes were made to the con file from cast #103 and it was saved as 2008-02-ctd.con. 
The dissolved oxygen sensor is an old one that has not been used since 2004, so no tests have been done to determine the best choice for E, H1 and H3. Tests were run on casts #9 and 42 to determine the best parameters:

· Value of E. The Tau correction is intended to improve data in the high DO gradient zone, but the wrong choice for E creates errors at depth. Fine-tuning this effect was done by converting data with hysteresis and Tau correction both turned on, nominal values for hysteresis factors used and E varied from 0.034 to 0.039. The best results came with 0.038, 0.0385 and 0.039 judging by how closely the downcast data came to upcast bottles. The best choice at 3000db was E=0.038.  However, minimizing the error at depth is not obviously the best criterion, for that might create larger errors closer to the surface. The best result would be one that gives the same error above and below the DO minimum for the same DO values – then a single DO-dependent correction will fit the whole cast. There are not many DO bottle samples available to do this since there are only 2 casts deep enough to have sampled below the DO minimum. Files were prepared for those 2 casts, varying E only. When E=0.038 was used the correction was much lower at depth than at above the DO minimum, so lower values were tried until the two matched well. The best results were found with E=0.034. 
· Hysteresis factor H1. The hysteresis correction reduces errors due to high-pressure effects on the membrane; the effect is notable in casts deeper than 120db. Sea-Bird recommend testing each sensor for the best choice of H1 and H3, but say that H2 does not vary. Data were converted again with Tau turned on, using E=0.034 and factor H1 varied from -0.2 to -0.5. Comparing bottle values against CTD values showed no clear winner among the values with the nominal value closest at the bottom, -0.5 best at 2000 and 2500db and -0.2 better above 1500db. When Temperature was plotted against DO, and upcast compared to downcast, it appeared that a setting of -0.5 was much worse than the nominal value below the DO minimum, but better above that level. This looks like an exaggeration of the alignment error, which is yet to be corrected. Overall, it looks best to use the nominal value. 

· Hysteresis factor H3. Finally data were converted with E=0.034 and H1=-0.025 and H3 varied from 1200 to 2000. The differences between the choices are small and the nominal value looks closest to bottles, so that will be used. 
File 2008-02-ctd.con was edited so that E=0.034 and other parameters were left as nominal.

A test was then done to see if the Tau correction should be done at all. As mentioned by Sea-Bird, the Tau correction makes the DO data noisier, which looks realistic particularly above the DO minimum where there is a lot of temperature structure. Looking at profiles, the noise at depth is much more noticeable with the Tau correction, with excursions of up to ±0.003ml/l. The upcast and downcast are slightly closer using the Tau correction, both in the high gradient zone and at depth. Overall the correction seems worth applying, but if smooth data at depth are desired, it should be turned off. That would not appear to be the case for this data, so it will be left on. 
Next, the profiles were examined with and without a hysteresis correction. The upcast and downcast traces are closer with this correction. 
4 Conversion of full cast files
File 2008-02-ctd.con was used to convert the raw hex files to CNV files. Dissolved oxygen concentration and salinity were not converted, since they are better derived later.
A few casts were converted and examined to check that the data look reasonable. The temperature and conductivity channels agree reasonably well, with downcasts closer than upcasts, as usual. The secondary conductivity has fine-scale noise (noise ~±0.00015S/m). PAR generally looks fine, but looks odd for some casts with low values and higher values at 15db than at the surface. It is likely it was not actually mounted for those casts, so the channel will need to be removed later. Surface PAR looks as expected. As described in the log the ISUS output varies with many patches of zero values, but some casts look fine. Transmissivity has small spikes even at great depth, but there is no hysteresis. The altimeter has the usual noise but appears to have worked satisfactorily near the bottom. The fluorescence goes off-scale for the first 3 casts at stops at station NP-1 with values >5ug/l. There are no other cruises in that area from early July, though in late June 2008 the fluorescence data were found to be >5ug/l between 4 and 15db at stations EP05, EP06 and EP07 during cruise 2008-14, which are close to NP-1. So the results look reasonable. Oxygen Voltage looks as usual with more separation between downcast and upcast than for temperature.

5. Conversion of rosette files   

Rosette files were converted using file 2008-02-ctd.con with a 10s window. 

The files were then converted to IOS HEADER format and the extensions were renamed as *.BOT.
Profile plots of T and S were made and a few outliers were seen. For those cases, the BOT files were opened in CTDEDIT and edited to remove spikes. The output files were saved as *.ed1 and those were then copied to BOT, so there is a complete set of BOT files, edited or unedited as required. 

The files edited were: 15, 27, 53, 62, 63 and 74.
The secondary salinity has fine-scale noise. Examining the data for one bottle the standard deviation in the primary salinity was 0.0002 while for the secondary it was 0.0014. 
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
Three were only a few casts without stops for bottles. Tests were run on 3 casts applying CELLTM using a variety of settings. For two of them the best results were clearly with (0.03, 9) for both salinity channels. The exception had a choice of (0.0245, 9.5), but that cast was quite shallow and had a noisy descent rate.

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

	5
	+0.0006
	-0.00025
	-0.0038
	High, fairly steady

	13
	+0.0004
	-0.00025
	-0.0036
	High, noisy

	38
	+0.0046
	-0.00023
	-0.0078
	High, fairly steady

	42
	+0.0006
	-0.00030
	-0.0042
	High, very noisy

	90
	+0.0005
	-0.00026
	-0.0039
	High, steady


All but cast #38 have results very close to those from 2008-51 when the same equipment was used. The result for cast #38 is very surprising with large differences in temperature and salinity, but not in conductivity. More casts were tested and it was found that larger temperature differences were seen from about cast #26 until #38.
Data from the COMPARE file discussed in section 12 were then extracted to compare the two CTD salinity channels. Plotting differences against event # for the data below 975db shows casts 26, 28, 31 and 38 standing out as having larger differences, while 15, 19, 89, 91 and 96 are slightly outliers. When all data are included the same general results are found though cast #26 does not look as bad. It is noted that cast #30 is not an outlier, making this look like an intermittent problem. From cast #40 onwards the differences are back to the expected level, though a little higher for a few casts. The differences also show slight pressure dependence. The bottle comparisons are not reliable enough to look for evidence of which temperature sensor was behaving oddly, except that it is noted for cast #42 that the secondary salinity seems to be getting farther from bottles with increasing pressure, which is not expected. The primary salinity shows only a slight increase in differences with pressure. There is also a lot of noise in the secondary conductivity which is not always present. For cast #26 there was clearly a problem with the upcast secondary temperature. There are short stretches of data with no noise. It seems likely that the secondary pair are less reliable than the primary, but this is not clear. (See 2008-02-sal-diff.xls.)
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.
The header check and a cross-reference listing were produced. A few errors were found in station names. Cast #47 is mentioned in the log book but no data files were found. This was a 12db cast with no bottles and there are two other casts at the same site. There were 4 cases in which the time in the log does not match the file headers. The log dates and times are those given as SYSTEM UPLOAD TIME in the headers, but the NMEA time is what is in the file headers. It is assumed the NMEA times were correct otherwise the three casts at MK3 take a long time to run and there is little time between MK1 and BFB-5. After cast #85 the SYSTEM UPLOAD TIME differs from both log and NMEA, sometimes by 1 hour, sometimes by 10; it does not look useful. The times were not changed in the headers.
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 +2.8db. This seems reasonable, but there is a note in the log that during cast #74 the pressure had an offset of 2.4m when the bottle tops were at the surface. The offset in the configuration file used at sea was -0.6db where it should have been +0.4db based on previous uses. This would mean the reading was actually 3.4m using the usual offset. The distance from the pressure sensor to the top of the bottles is usually ~1.5m, implying that pressure readings are ~2m too high when the usual offset is entered. Yet, during the upcast there were readings close to 1db (with the usual offset) that have in-water values. This sensor was used later during 2009-51 during which there are pressures very close to zero with in-water values when the +0.4db setting is used. Clearly the +0.4db was the best choice for 2009-51. It is possible that the distance from the pressure sensor to the top of the rosette was larger than usual, or that the pressure was simply recorded incorrectly. There are cases where the CTD does seem to have been very close to the surface when the pressure is ~1db, but this is hard to judge with pumps off. Transmissivity being very low was used as an indicator, but is a very rough guide. Hysteresis does not appear to be a factor – the surface test was done at the beginning of the cast. Perhaps there is some temperature dependence in the offset; temperatures are lower than for other cruises that used this sensor, especially in the Arctic section where the test was done.
The altimetry data from the header were exported to a spreadsheet; since some entries clearly look bad, all casts were examined. The algorithm worked well for all except casts #7, 14, 18 and 29 which were shallow casts in deep water, so the low altimeter values at the bottom are clearly bad. Those header entries were removed from the CLN files as well as BOT and SAMAVG .
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 common in very cold water to allow the CTD pressure sensor to equilibrate. While that was not done for this cruise, there are a few plots where the CTD was returned to the surface after initially being lowered, usually because of an equipment problem so the cast could be started again. And for a few casts the pumps were turned off briefly near the surface. The following casts should be checked after DELETE to ensure the best data were selected: 3, 28, 36, 43, 52, 71 and 77.
11. Bottle file preparation 
Bottle Files

NOTE: There were two casts at NP13 with a recast done because of a problem with the bottles. Bottle samples came from #26, not #25.
Station names were added to the BOT files for casts 1-28. 

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:

· The biggest problem is that there were 16 casts during which Niskin bottles were fired out of order. The converted files contain only the sequential bottle number, NOT the position number, so preparation of the ADDSAMP file required close attention to ensure the sample number is attached to the correct sequential bottle number. An attempt to recreate ROS files with the position number was unsuccessful. SeaBird were consulted and say they will work on fixing this problem. In the meantime corrections will be made by text editing.

· There were a few cases of sample numbers assigned to two different casts, but there was only sampling for 1 of them in each case. 

· For cast #5, the rosette log indicates that 16 bottles were fired, but there are 17 in the BOT files. This occurred because the CTD was lowered to ~35db to collect another chlorophyll sample, but no sample # was assigned. Sample # 9001 was entered for bottle #17 as a place keeper.

· For cast #34 there were samples 479a and 479b, so those were renamed as 479 and 9479. Lines were removed form the ADDSAMP file for bottles that had no sample numbers assigned.

· In examining the dissolved oxygen data it was found that there was a sample from Bottle #22 of cast #89, but no sample number assigned at sea, so #9000 was assigned.

CST files were formed by converting the ADDSAMP file; these will form the framework for the chemistry files. Those were put through SORT to order on sample number to enable merging later. 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 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. Those were then sorted on sample number, with output SAMSORT.
Salinity

The salinity data were found in file “SWL 2008-02 SalinityData_Final.xls” and included 80 duplicates. The file was simplified and saved as 2008-02-sal.csv. The duplicate values were extracted and compared in file 2008-02-salinity-duplicates.xls. The pooled standard deviation of pairs was calculated as


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

Sp=0.0140 if all duplicates were included and =0.004 if the 11 pairs with differences >0.01 were excluded. 

The differences between duplicates were studied to see if there were any patterns. The differences >0.01 are all found in the top 800db, but there are only 4 pairs deeper than that, so this is not significant. The two largest are in the top 100db. Plots of differences against Niskin Bottle # show the extreme outliers occurring for bottles #2-5, 7-8 and 10-11, but many from those bottles looked ok. There are few samples from bottles #12, 13 and 16. The outliers show no temporal trend; while the two largest differences are from near the end of the cruise, there are also large differences for casts #6, 28 and 30. (NOTE: Some of the study files were lost – some were regenerated but not all the plots were produced; however, some can be found in the full data processing report.)
There are some comments applied to blocks of data. When one of them includes a duplicate, the results were examined to see if anything can be learned about whether values with such comments should be quality flagged. The following are comments that were considered:

· “caps with cone inserts” – differences of 0.003, 0.002 and 0.06 are found; two are ok and one very large so the picture is not clear. No flags will be attached based on that comment at this point. (Later it was decided to add “c” flags to these since many differed significantly from CTD.)
· “algae in sample” – differences of 0.003 and 0.006, which are slightly high,  but not clear indications of problems. No flags will be attached for those at this point, but after COMPARE this should be revisited.
· “4 flushes” – 5 duplicates with that note, and there are no differences >0.0052, so ok.
· “small bottles” – both are outliers – one had an insert (0.07), one did not (0.02), so likely a problem; “c” flags were attached – check again after COMPARE.
· “no caps, just inserts” – differences are 0.0035 and 0.015, so possible problem, so will flag “c”.
The averages were entered into the csv file and “f” flags were added to the duplicates. The comments for the duplicate pairs were examined and in the following cases one value was clearly more reliable than the other:

· For sample #39 in cast #4 the 2nd sample was used because the analyst noted “leaking from insert” for the 1st. In all other cases of large differences, the two values were entered as a comment so that the average can be replaced if COMPARE makes it clear which is better and a “c” flag was added.
· For sample #180 the 2nd sample was entered because the 1st sample had the comment that the reading was “jumping around”.
· For sample #950 the 2nd sample had a loose insert, so the 1st value was used.
The differences for those duplicates ranged from 0.0027 to 0.0051, so this does explain any of the extreme outliers.
Comments from the analyst were examined and “c” flags were added for samples #53, 60, 116, 120, 173, 579, 665, 667, 681, 711, 939, 944, 970, 973-1006, 1011, 1012 and 1207-1257 because of comments such as “loose insert”, “insert leaking”, “no caps”, “small bottles, “no inserts”, “sample only ½ full” and ”salt”. Those can be reviewed after COMPARE is run, as can some that were not flagged that refer to algae.

File 2008-02-sal.csv was then converted to individual salinity files.
Dissolved Oxygen

The dissolved oxygen data were provided in spreadsheet 2008-02_SWL_OXY_FINAL.xls. That file contained flags and comments as well as duplicates (and in some cases triplicates) and a study of replicates. The spreadsheet was simplified, the first value was selected among the replicates, headers were changed to standard format and then the file was saved as 2008-02-DOX.csv. There is a sample given for cast #89 from 70db, but there is no sample number. For cast #89 the CTD was lowered after the full cast to take samples at 70db, but no sample number was assigned. There is a DO sample, so that was labeled as #9000. This will probably cause some difficulties with merging, but they can be dealt with.
A few changes were made to flags:

· The flag “b” was used for what the analyst described as “a possible problem with the sample or analysis, but impact on result is likely small i.e. floaties/dancing bubbles/burette stall”. Since that flag is not used in the IOS Archive, they were replaced with “c” flag which does suit that sort of problem. Special note was made to check after COMPARE so that those “c” flags can be removed if there is no sign of any problem. The comments will be in the header in any case. 

· There were *s in front of some flags, indicating that one replicate was involved. The flags were removed if the value entered as final is not affected, and the header comment amended, if needed. 
· Since the averages of replicates were not used, the comments about samples not entered were removed from the files aimed at the archive. All values will already go to the chemistry spreadsheet, so the comments will be there where they will be relevant.

· An exception to the previous statement is the case where the replicates don’t agree very well, but neither is obviously bad, and the value entered is flagged. The two values were entered in the header comment. As usual the first value was entered in the spreadsheet.

The file was then converted to individual ADD casts. 

Nutrients

The nutrients were provided in spreadsheet 2008-02nutrients_Final.xls. It includes a quality study including analysis of replicates. The spreadsheet was simplified and saved as 2008-02-nuts.csv. There were a few loop samples so those were moved to a separate sheet named 2008-02-nut-loop.csv. The header names changed to standard format. In general the first sample was selected, unless the analyst indicated that the replicate was to be used – no “f” flags will be assigned to the replicates since they are not averaged. All values will be available in the rosette chemistry spreadsheet. The analyst entered comments about quality, but no flags. For most of the bottles with quality comments a “c” flag was entered, including those with poor replicates. 
Special note is made of the following samples:

#121 (all), 167 (all), 289 (PO4 and SiO4), 511(all), 675 (PO4 and SiO4), 840 (PO4 and SiO4) 1077(PO4 and SiO4), 1131 (reps shifted to previous sample) – the analyst felt the 2nd replicate was clearly from a different level. Since the first values were used in the file, no flag was assigned, but a comment will go into the header. For sample #1146 the analyst suggests a flag “d”, but she rejected the value, so flag “e” was entered and the value was put in as a comment. DO and salinity were also bad from this bottle. Si04 and NO3 were flagged “c” since all other samples were bad. For sample #1183 the analyst rejected the value so a pad value was entered with flag “e”. And since the DO analyst reported turbidity in sample #1183 and salinity and PO4 were bad, the NO3 and SiO4 were flagged “c” since there is some doubt about all samples from that bottle. The analyst agrees with these changes to flags.
There were some samples with comments about dilution; while this could affect quality, the analyst feels the results were good and no flags are needed.

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 at the time of processing. When CHL became available there were problems with samples lacking sample numbers, so it was decided to not include them in the bottle files, but add a note to the header that more information was available in the rosette chemistry spreadsheet.
The CST2 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. An attempt to merge those with SAMSORT files failed as there were still too many channels. So REMOVE was run again to remove the secondary temperature, salinity and conductivity channels with output SAMSORT2 and MERGE run with that as primary file. (Output: SAMSORT2 and MRG)  
12. COMPARE

Salinity COMPARE

An initial run of COMPARE turned up many errors in how sample numbers had been assigned. The problem arises from the fact that bottles were fired out of order as explained in the previous section. COMPARE was then run using sample # as reference channel since this seemed the easiest way to check that the sample numbers were correct. After further corrections were made there were still many outliers, but no further sample number errors could be found to explain them. (See 2008-02-comp1-sam.xls.)
The files were then sorted on pressure and the comparison rerun to see if the outliers were mostly shallow. The results at depth are definitely better than near the surface, but even the deepest data show the CTD to be lower than the bottles by more than the post-cruise calibration would indicate. Using only the 10 bottles below 1000db the primary CTD salinity is lower than the bottles by an average of 0.0054 with a standard deviation of 0.0025 and the secondary CTD is lower by an average of 0.0086 with standard deviation of 0.0025. (See 2008-02-comp1.xls.)
There do not appear to be any particular Niskin bottles that are bad, though this is hard to examine without having bottle positions in the CTD files. The large differences are mostly negative.
There is a lot more noise from cast #82 onwards, but that is likely more a reflection of depth range than temporal variation since many of those casts were <200db. Cast #102 stands out as very bad with differences >0.1 for all bottles between 100 and 415db. 

This bottle data is suspicious and unlikely to be used for recalibration of CTD salinity. If we assume that the CTD data are correct, then it appears that many of the bottles have higher salinity than expected. This could arise from closing too quickly thus capturing shed wake waters, but there is no indication from the data that this happened. The stops look long enough and for a few deep bottles studied there was no significant noise in temperature, pressure or salinity at the time of bottle firing. For a few outliers there is a high standard deviation in the averaged CTD salinity, but generally that is not the case. Poor flushing of bottles is a possible explanation, but the flushing would have to be very bad since the gradients at depth are low, so that seems unlikely. One cast studied would require that a bottle fired at 800db contain water from 40m to 140m lower in the water column. 
Casts #40 and 42 at BCL-2 and BS-0 were examined in detail because one had many outliers in COMPARE while the other had few. Both sampled to at least 1000db. Bottles were examined that were below 200db and had standard deviation in the CTD salinity <0.001. Cast #42 has only one difference >0.01 and that was at 200db where minor flushing problems might explain it. Cast #40 has most bottles with differences >0.01. The descent rate is not unusually noisy nor do the gradients suggest that flushing is a reasonable explanation. The only notable differences are that #42 is in deeper water and that the bottle stops were longer for #42. In case there was interference caused by mounting of the ISUS, casts with and without it were compared and no pattern emerged. 
Other explanations for the poor comparison that were considered: 

· Poor sampling techniques - Many of the salinity samples were noted as having something odd about the samples, such as different size bottles, loose inserts, no caps, no inserts and cone inserts. But even when those are excluded there is a lot of scatter in this comparison. Most of the outliers are associated with bottle salinity being too high (or CTD salinity too low). So if sampling errors are implicated, they must account for that. Evaporation of sample would certainly do this.  
· Salinometer problems – The analyst reported that the instrument was very stable. There have been many problems over the past year, but it appears they have been resolved and other cruises analyzed in the past few months have looked ok. Linearity has been a problem in the past, but that should only be significant for lower salinity bottles, say <33.5.
· CTD problems other than calibration drift –There are certainly some questions about the temperature data from the CTD, with variable differences from one cast to another. This is discussed in section 8. While this may account for some of the scatter in COMPARE, it will at best explain salinity differences ~0.008, not those >0.01. The fact that the secondary salinity is lower than the primary is interesting in that both show very little drift in the post-cruise calibration. So there might be something having a small effect on the CTD salinity, such as the two pumps having different efficiency or minor plumbing differences which might lead to thermal effects on one sensor only. Upcasts seem reasonably close to downcasts, and large differences are seen in some casts with smooth gradients, and small differences sometimes are found in traces with highly variable temperature and salinity. It is tempting with Arctic work to suggest that sampling at low temperatures might be a factor, but this does not explain the problems in the North Pacific. 
· Rosette problems – If the bottles closed prematurely this might explain the outliers, but it seems most unlikely that this would happen so often and so randomly. Leakage into the bottles would have the opposite effect. 
The most likely explanation for most of the scatter in the COMPARE plots is poor sampling or storage of samples. The samples were stored for many months before being analyzed and there were many problems noted in the seals. The poor results from the duplicates support this explanation. However, in some cases where seals were said to be poor, the bottles are closer to the CTD than for other cases with no such note, so this is far from certain. Problems with the CTD probably account for some of the scatter, but seem unlikely to account for the large differences.
Given the lack of confidence in the bottle samples and the availability of a post-cruise calibration, the main use of the comparison will be to flag suspect bottle samples. Some bottles are very clearly way off and are flagged “d”.  All bottles with differences >0.1 will be flagged unless the standard deviation in the CTD data is high or there is some other reason to doubt the CTD data. The decision of “c” or “d” depends on size of error, noise in CTD and how close to surface. 
The following samples were flagged “c” (unless otherwise noted):

· Cast #5, sample #58 is out by >0.1 and looks like from 76db bottle. Flagged “d”

· Cast #19 sample #226 was flagged “d” as an outlier and possible mis-sample since it looks much like #225.
· Cast #62, sample #778 was flagged “c” because while it differs from CTD by >0.1 and 2 other bottles at the same depth and the CTD data seems quiet, it is from 16db so could be real. It is the average of duplicates, one of which would be a little closer, but still quite different from the CTD data.

· Cast #83, sample #1000 had been flagged “c” previously; this was changed to “d”.

· Cast #87, samples #1029-1031 were flagged “c” since near-surface so possible though differences are very large.
· Cast #91, sample #1079 and 1084-86 had the comment of cap with cone insert; flagged “c” since CTD slightly noisy.

· Cast #93, sample #1092 flagged “d” and 1092-1099 flagged “c” since the CTD data is bit noisier; all had the comment “cap with cone insert”.
· Cast #95, samples #1128 and 1135 were flagged “c” and 1131 “d” (out by 0.4 and quiet CTD data) – outlier in profile as well as COMPARE. All had comment “cap with cone insert”.
· Cast #96 – Sample #1153 had a note in the oxygen file that the Niskin had a small drip, so it was flagged “c”; it is within 0.01 of the CTD but not by much. Flag left at “c”. Sample #1146 – was  flagged “e” and replaced with a pad value since it looks like a surface sample. Both DO and Salinity are way off but some samples seem ok, so not sure if mis-fire or mis-sample.
· Cast #100, sample 1205 and 1206 were flagged “c”; the other outliers had already been flagged because the bottles were small.

· Cast #102, samples #1251, 1254, 1257 were outliers, but had already been flagged “c” for having small bottles.

Many of the samples with caps with cone insert proved to be problems, so it was decided to flag all of them “c”. Reviewing the decision to flag the small bottles “c” showed it was a wise decision. It is not so clear that the comment “no cap just insert”. Few of those had differences >0.1, but many of the differences were >0.05 so the flags were left in place.

Dissolved Oxygen Duplicates

The analyst did a study of duplicates and calculated the pooled standard deviation of pairs defined as

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

The result was Sp = 0.015 using all 91 pairs and 0.005 using 84 pairs.
For more detail see the analysts report 2008-02_SWL_Oxy_Final.xls.
Dissolved Oxygen
COMPARE was run and the fit against DO concentration was quite tight except for 4 major outliers from cast #26. An examination of that cast showed that the DO sensor clearly malfunctioned above 125db of the upcast. The secondary conductivity looks odd in the same area, so this was probably something in the plumbing affecting flow. The pump status is ok so the pumps were on. When those four outliers plus three others above 130db for that cast and a few others identified based on residuals were excluded the following fit was found: 

DOX_BOT = 1.0389 * DOX_CTD - 0.0001
Most of the outliers other than cast #26 are associated with very high DO gradients so that the CTD DO sensor had not equilibrated when the bottle was closed. One outlier that had already been flagged by the analyst; a note was added to the comment that the sample was an outlier in COMPARE. No further flags were assigned.
When the differences are plotted against pressure it looks like there is a group below 400db that are out of line, but on closer examination these are from late in the cruise when deep DO values were high. When plotted separately the fit is similar to that above.
(See 2008-02-dox-comp1.xls.)
13. SHIFT 
Conductivity  
Tests were run on a few casts to align conductivity to minimize salinity spikes. The best result for both the primary and secondary conductivity was a shift of +0.5 records.
SHIFT was run to advance the conductivity by +0.5 records for both conductivity channels for all casts. 

Dissolved Oxygen Sensor

During 2007-02 a SHIFT of +80 records worked best at aligning DO with Temperature and for 2007-28 +70 records worked best. Tests were run on three casts advancing the DO channel by from +50 to +110 records. The DO traces are very noisy. The best results were with +70 records. 
SHIFT was run to advance the DO channel by +70 records for all casts.

Fluorescence

The offset between the downcast and upcast fluorescence traces were compared with the offset in the temperature trace and no significant difference was seen. (In some cases the offset was less than that in temperature, and in others more.) So the fluorescence will not be shifted. It usually needs shifting when pumped, but not when unpumped as was the case for this cruise.

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: The only warnings were for cast #17 which was an upcast only, and cast #44 where the warnings were from the upcast.
Checks on casts #3, 28, 36, 43, 52, 71 and 77 show that the best data had not been selected due to partial downcasts before the full cast or long soaks during which the pumps turned off occasionally, so the SHFO files were edited to remove some initial records and DELETE was run again.

15. DETAILED EDITING

Based on earlier studies the primary channels were selected for archiving. 

CTDEDIT was used to clean salinity and to remove records corrupted by shed wakes. 
The salinity was quite noisy, especially in the top 100db; most of the noise will disappear with bin-averaging as it is two-sided. Interpolation was used to remove some spikes that seems unlikely to be “averaged out”. The descent rates were generally high enough, but occasional corruption by shed wakes was seen when the descent rate was briefly low. The casts from the Arctic required little editing below 10db.
For cast #75 5db of data were removed from the bottom of the cast, so the altimeter header reading was adjusted by adding 5db to reflect the distance from the bottom of the final data point.

All casts were bin-averaged (0.5db bins) and T-S plots 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 so no further editing was applied to those.
16. Inter-comparisons
Sensor History – 
· The dissolved oxygen sensor was recalibrated shortly before this cruise and has not been used for any other cruises processed since then.
· 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 or for 2008-04 which followed. 
· The post-cruise calibrations for the secondary pair show no drift in the conductivity and +0.0003C˚ in temperature, so there should be no significant drift in salinity for this cruise or for 2008-04 which followed.
· 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, with +0.4db being used since late 2004. Sea-Bird advise that offsets tend to rise as the sensor ages.
Comparison of repeat casts –
There were many repeat casts, but many were shallow in areas of high variability. For casts 90 and 91 there was little variability below 300db and the differences along constant density lines were <0.003C˚ and <0.0005 salinity units. At 200db where local gradients are higher, the differences along constant density lines were ~0.1and <0.005 salinity units. For casts #8 and 9 at 900db the differences were <0.01C˚ and <0.002 salinity units. So the CTD repeatability looks good.
Historic Ranges – For casts #1-6 local climatology was available and all data fell within the historic ranges. For casts #7-51 the only climatology available was averaged over Marsden squares. That is useful for mid-ocean casts, but is not likely to be representative of near-shore casts such as those near the Aleutians and in the Bering Sea. All data from casts #7-27 fell within the limits. For casts #28 to 50 there were instances of deep temperatures above the minima and shallow temperatures below the minima, and one cast had low near-surface salinity. These are not considered evidence of instrumental problems.
17. Quality Control

Plots were made of nearby casts. For the shallow data there is considerable variability, but nothing suggests instrumental problems.
18. Recalibration
Based on the post-cruise calibration, no recalibration will be applied to the salinity data.
The pressure will not be recalibrated.

File 2008-02-recal1.ccf was prepared to apply the following correction (based on the bottle comparison) to the dissolved oxygen channel: 


DOX_BOT = 1.0389 * DOX_CTD - 0.0001

First the SAM files were recalibrated and COMPARE was rerun. The results showed the correction was appropriate. (See 2008-02-DOX-comp2.xls.) 

The correction was then applied to the EDT files. Output: COR1.
Those files were then bin-averaged using 0.5db bins.

In the past it is often found that there is a further correction needed for the downcast DO data; that is found by comparing thinned downcast files to bottles. So the averaged files were thinned to the levels of bottles. COMPARE was run using the thinned files and the bottle DO data. The comparison showed an average difference of +0.03ml/l with a slight trend to higher errors at low DO. There is also some suggestion of temporal variations, but this appears to be due to the absence of low DO values in the Arctic casts. Separating the casts between North Pacific and Bering/Arctic regions shows lower offsets for the latter. The offsets are small and there is a lot of noise in the fit, so further recalibration looks unwise. Perhaps the good fit is due to the new DO algorithm features. (See 2008-02-DOX-comp3.xls.)
19. REMOVE, CHANGE UNITS, REORDER, HEADEDIT
Three sets of files were prepared:

1. 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,Uploy0(ISUS) and Flag. (Output: *.REM)

PAR and PAR:Reference were also removed from casts #9 and 43-46.
CHANGE UNITS was used to derive Oxygen:Dissolved:SBE in umol/kg.

REORDER was used to get the two SBE DO channels together.

As a final check of Dissolved Oxygen, the DO saturation was calculated and found to be between 95% and 125% at the surface with most values between 100 and 110%.
HEADEDIT was used to fix channel names and formats and to add the following comments:

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 is considered to be within 0.001. No recalibration
was applied.

The dissolved oxygen data were recalibrated based on comparison with bottles. The SBE dissolved oxygen data in the CTD files appear to be, roughly within:

      •
±0.6ml/l from    0 - 200m

      •
±0.2ml/l from   200 - 500m

      •
±0.1ml/l from    500 - 1500m

      •
±0.02ml/l below 1500m
The output files were named CTD. 

As a final check on the files a track plot, cross-reference listing, standards check and header check were run. No errors were found.

2. For Fiona McLaughlin the bin-averaged files (AVG2 - with standard deviations) were put through REMOVE to remove the following channels:  Scan Number, UPLOY(ISUS), Descent_Rate, Flag and their associated standard deviations as well as the channels removed for the general files mentioned in part 1.

HEADEDIT was run to fix channel names and to add the general comments plus the following special comment:

NOTE: These files were produced for the use of Fiona McLaughlin and are not intended for archiving. They have gone through all the usual processing steps except the derivation of a second dissolved oxygen channel in umol/kg and they contain standard deviation channels that are not normally archived.

The output files were named CTDF.

3. General files like those produced for Fiona McLaughlin but also including the ISUS data were produced for the Arctic group. A note was added to the headers noting that the data were nominal and included sections of data known to be bad. The output files were named CTDA.

20. Producing final bottle files
The MRG files were put through CLEAN to remove Sea-Bird headers and SORT to order the records on pressure. 
Plots were made of Bottle and CTD DO vs CTD Salinity for the bottle files. For cast #26 the CTD DO looks bad – this was noted earlier and is likely due to a problem with the secondary temperature. The CTD DO channels were replaced with pad values above 125db and a note was added to the headers.  For a few other casts there were mild outliers in the plots – in two cases the bottles had already been flagged in the files or for two others there were steep gradients where the CTD DO would likely have some problems equilibrating. No further flags were added.  

CALIBRATE was run to apply file 2008-02-recal1.ccf to the MRGCLN2 files. (Output: MRGCOR1)
Three sets of files were produced:
1.For the DATA_LIB archive
REMOVE was run to remove Scan_Number, Conductivity:Primary, Oxygen:Voltage:SBE, Descent_Rate, Uploy (ISUS) channels and all standard deviation channels.. 
PAR and PAR:Reference were also removed from casts #9 and 43-46.

CHANGE UNITS was used to add a dissolved oxygen channel with umol/kg units and REORDER was used to put the two DO channels together.
HEADEDIT should be used to fix formats and channel names and to add the following comments:

  Analysis methods:

  -----------------

 Salinity samples are collected in glass bottles and analyzed on Guildline

 model 8400B Autosal Salinometers which are standardized with IAPSO standard
 seawater. For details see report "SWL 2008-02 SalinityData_Final.xls"

Dissolved oxygen concentrations were measured on board the Sir Wilfrid Laurier

using an oxygen titrator on loan from the Scripps Insitution of Oceanography.

For details on the analysis including a study of replicates see report 

"2008-02_SWL_OXY_Final.xls".

 Nutrient samples were collected in plastic tubes and stored frozen and later

analysed at IOS using - a Three Channel Technicon Autoanalyser following methods
described in Barwell-Clarke and Whitney (1996). For details on analysis methods

and quality checks including replicates, analysis of KANSO reference materials and Wako Intercalibration Standards - see file "2008-02nutrients_Final.xls".
References:

J. Barwell-Clarke and F. Whitney. 1996. Institute of Ocean Sciences

Nutrient Methods and Analysis. Canadian Technical Report of Hydrography

and Ocean Sciences, No. 182, 43 pp. 
 NOTE: Other chemistry data such as extracted chlorophyll, dissolved inorganic carbon
   and total alkalinity  are available in spreadsheet  2008-02_Rosette_Chemistry.xls.

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.
The final files were named CHE.
2. For entry in the rosette chemistry spreadsheet 

SORT was not run since the files are in sample number order as needed to fit the spreadsheet (except for cast #89, sample #9000) which will have to be sorted as the data is fitted into the sheet.

CHANGE UNITS was used to add a dissolved oxygen channel with umol/kg units.

The spreadsheet has columns for scan #, oxygen saturation and potential temperature. Scan number will not produced since bin-averaging makes this inappropriate, but oxygen saturation and pressure temperature were produced using DERIVED QUANTITIES.

The data needed for the rosette chemistry spreadsheet were then exported to an EXCEL spreadsheet. Before this data could be fitted into the main spreadsheet a few adjustments had to be made. Sometimes a bottle did not fire or because there were no sample numbers assigned there are no lines in the CHE files. (The CHE files are prepared in that way because it is troublesome to have pad values for sample #s in CHE files because of the need to order on sample #). Lines were added as needed to fit the rosette sheet. In one case there are bottles that are in the CHE files but not in the rosette sheet, but there was no sampling, so that is not a problem. The following changes were made to the following casts in the CHE spreadsheet (note that bottle #s referred to here are sequential numbers, not actual Niskin #s):

· #9 -bottles 1 & 2 added

· #15 – sample #9002 moved to correct position at 38db. Bottles 1 & 2 added. Took some manipulation to get sample #s to match.
· #16 -bottles 1 & 2 added

· #23 - add bottles 12, 13, 15, 17 and move 19 and 20 to match pressures
· #25 – no bottles closed, added 24 lines - all blank

· #26 - added bottles 12&13 and 16-19

· #28 - reordered on pressure to match s/s

· #29 – added bottle between bottles 7 and 9
· #44 – no CHE file, add 1 line to CHE s/s for that cast
· #46 – no CHE file, add 2 lines to CHE s/s for that cast

· #47 - no CHE file, add 2 lines to CHE s/s for that cast

· #48 – found errors in the ADDSAMP file for this cast. Reran all bottle steps for cast; reorganized  bottles 8-10 to match pressures in chem. s/s/ 
· #55 – added bottles 1 & 2, no sampling at all for this cast

· #57 – added 13 bottles (9-21)

· #59– added bottles 1 & 2; and moved bottom sample from #3 to #1 to match chem. Sheet

· #60, 61  - added bottles 1 & 2
· #62 – added bottles 1 & 2, and 12 to 24

· #69, 70, 71 - added bottles 1 & 2

· #72 – added bottles 2 & 3, 8 to 20
· #74, 75, 76  - added bottles 1 & 2
· #80 - added bottles 10 to 24

· #82 – added bottle #13

· #89 – rearranged  to make sample #9000 precede 1067 and added bottle #12

· #91 – added bottles 2 & 3, 15 & 16 

· #96 – added bottle #15 and moved samples 2 and 3 to match chem s/s pressures, chem. s/s indicates sampling from bottle #3 (of 3 bottom bottles) but salinity and DO analyses say from #1 so entered as #1.

· #98 add bottles 13-16
When the “best guesses were made” checks were done to see that the pressures match so we are sure the samples are in the right places. 
3. For the use of Fiona MacLauglin
A second set of bottle files were prepared for Fiona McLaughlin with standard deviations. The only files removed were Descent_Rate, UPLOY(ISUS), Altimeter and Flag along with their standard deviations and enough other standard deviations to enable REORDER to work. The files were named CHEF.

21. Thermosalinograph Data 

The TSG data were provided in 27 hex files with non-standard names, 20080703 to 20080727, 3 of which had repeated numbers with a “b” added. Since 3 consecutive numbers are missing (1, 2, and 21), the numbers will be changed to format 2008-02-0001 to 2008-02-027 after conversion. 
There was an intake thermistor connected.
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. One con file was saved as 2008-02-tsg.con.
b.) The files were converted to CNV files using 2008-02-tsg.con, then renamed as mentioned above. The files were then converted to IOS HEADER format. Note that the difference between temperature channels was not available as a choice in conversion. 
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, but the salinity has many spikes, including some sections that are extremely spiky. 
The sampling rate is much higher than usual, 12 records per minute.

The data were divided into 5 groups since they could not all be plotted at once. Track plots were produced with arrows every 6 hours and they look fine; they were 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 .3db of 4.5db and exported to a spreadsheet which was saved as 2008-02-ctd-tsg-comp.xls. This produced data from 30 casts included. The TSG files were opened in EXCEL, the differences between the temperature channels were calculated, and the median and standard deviations (over 25 seconds) were calculated for temperature and salinity, and the files were then reduced to the times when CTDs were run. That information was added to the CTD data in file 2008-02-ctd-tsg-comp.xls. 
The positions were compared and were close, with average differences for latitude 0.00008º and for longitude of 0.00015º. There was one cast with a difference of 0.00095º in longitude. A small mismatch in clocks may account for this as the ship was drifting significantly through the cast. But overall the clock does appear to be 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 A few casts were examined to see what the difference was between the lab and intake temperature. For the first few hours the differences are larger than expected, but then settle down to <0.2Cº. It looks likely that the flow rate was very low at first. For files #1 and #17 the median differences are 0.170 and 0.224Cº. If the first 4000 records are excluded from file #1 the median is 0.167 Cº.  Larger differences for file #17 are not unexpected given that the intake temperatures are considerably lower than for file #1, so the ship effects are likely to be larger. However, once again a plot of differences against intake temperature does not show any consistent trend.
 An offset was applied so that intake temperatures were compared with lab temperatures at a later time. The differences were calculated and then the standard deviation in the differences found. The standard deviation was lowest for an offset of 17 records, i.e. 85 seconds. When the same offset was applied to file #1 it also produced improved results. When a plot of differences against intake temperature was compared with one offset by 17 records, the latter showed the the following trendline:

(TSG lab temp – TSG intake temp) = -0.0138 * TSG intake Temp +0.2995

This is the kind of trendline expected for the TSG. With the offset the differences are about 0.16 Cº at 13ºC and 0.26 Cº at 3ºC. These look reasonable.
· TSG vs CTD The spreadsheets comparing CTD and TSG files were then examined to find the differences between the salinity and temperature channels for the CTD and the TSG. There were 30 casts that could be used. The differences show a lot of scatter, so a few CTD casts were examined to see at what depth the corresponding TSG salinity readings could be found. This suggests a level of no more than 4m is definitely needed. We have very little data from that level and there is often corruption from ship effects at that level, so the CTD data is not very useful. The salinity looks significantly lower than the CTD salinity, more than the post-cruise calibration indicates, but this is presumed to be because the CTD data is from too low in the water column. The temperature comparison is also noisy and since there are both lab and intake temperatures available, plus a post-cruise calibration of the sensors, this comparison is not important. (See 2008-12-ctd-tsg-comp.xls.) 

· TSG intake vs TSG lab temperature during CTD stops What is useful from the TSG/CTD comparison is a plot of differences between the TSG intake and TSG lab temperatures versus CTD temperature. The time in the loop is less significant during stops for CTDs as the temporal variations are fairly low. A fit of the differences against TSG temperature produced the following trendline:

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

This is reasonably close to the results of the study of the differences and would produce  temperatures too high by 0.15 at 13ºC and 0.23 at 3ºC. This implies slightly less ship heating than the previous study. This information is not needed for the current cruise, but might be useful for later cruises if intake thermistor data are unavailable.  (See 2008-12-ctd-tsg-comp.xls.)
· Loop Bottle Comparisons There were  no loop bottles. 

· Calibration History 

The TSG primary temperature and conductivity were cleaned and recalibrated in January 2008 and there was a post-cruise recalibration before cleaning in February 2009. There is not record of the sensors being used between January and July of 2008. 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. T
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 all files except #21.
g.) Recalibration 

No recalibration was applied. 

h.) Preparing Final Files
REMOVE was run to remove scan_number, record #, conductivity 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.
HEADER EDIT was used to add a comment, change the DATA TYPE to THERMOSALINOGRAPH and add the depth of sampling to the header. 

The TSG sensor history was updated. 

As a final check plots were made of the cruise track and data; no problems were noted.

Particulars (notes from logs and reports)
3. CTD down to 25db, then up to surface for restart followed by full cast

5. At end of cast CTD sent back down to trip bottle #17

6. Surface bottle was not closed
8. No sample #98 - PAR/ISUS removed

9. Sample #99 used for Niskins #1 and 2, both at 3000db

10. PAR/ISUS reinstalled 

11. Niskin #7 or 9 (writing not clear) leaky 
12. ISUS worked all the way back up

13. ISUS not turned on
16. Just downcast

17. Just upcast – had to restart to fix bottle # firing sequence
18. Just downcast

19. Just upcast – had to restart to fix bottle # firing sequence. Multiple bottles at same depth each with own sample #.

23. Edge of eddy

25. Spigots not closed

26. Rerun of 25 and samples labeled as #25.

26. Secondary temperature bad at end of upcast, above 110db, DO salinity and concentration affected as well.

27 & 28 – large differences between temp traces

28. Winch was switched to standby during soak so rosette sat at surface for 5min and was then lowered in manual

46. ISUS and PAR (not fixed) put back on. Note says ISUS replaced Niskins - ?

47. No data files, though no mention in log of any problem. No bottles and only to 12db.

52. Winch problems – came up from 9m to recast

60. Some confusion in sample numbers – renumbered in pencil (753 was actually 754)
67. Strong current and large difference between T trace

68. Strong current and large differences between T and C traces

71. No ISUS

72. ISUS back on74. 2.4m offset on pressure bottle tops @surface.
76. Fluorescence saturation noted at 5
77. Bottle #3 leaky

79. Rosette brought back up, then back down

82. Down again at end of cast for one more bottle

90. Spigots left open

91. Recast for #90, samples labeled as #90

93. cast aborted at 88 and started again

96. Log notes study of pressure showing error - 29.8m at 100m (not clear what was being tested)
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	0585
	Yes
	Yes


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

2008-02


	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
	52
	08Apr08
	Factory
	
	

	PAR QSR2200
	20281
	13Mar07
	?
	
	

	ISUS nitrate
	72
	?
	?
	
	

	Altimeter
	40853
	14Feb07
	?
	
	

	Pressure
	98842
	13Mar00
	Factory
	
	


           TSG 

  Make/Model/Serial#:
SEABIRD/21/3274       Cruise ID#:
2008-02


	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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