REVISION NOTICE TABLE

	 DATE
	DESCRIPTION OF REVISION

	
	

	 2 April 2025
	Updated channel names & formats in TOB and loop files. GG/SH

	5 Feb 2019
	Bottle spreadsheet converted to searchable BOT files.

	5 May 2009
	Post-cruise calibration of TSG shows large drift in salinity (~-0.1), but not enough to explain the very low TSG salinity found during this cruise. The drift in TSG lab temperature sensor was <0.0002 C˚.


PROCESSING NOTES
Cruise: 2008-15
Agency: PBS, Salmon and Freshwater Ecosystems, Nanaimo, BC
Location: Strait of Georgia/Juan de Fuca Strait/ West Coast Vancouver Island/ North Coast
Project: High Seas Salmon
Party Chief: Trudel M.
Platform: W.E. Ricker
Date: October 7, 2008 – November 11, 2008
Processed by: Germaine Gatien

Date of Processing: January 12, 200 –  March 6, 2008
Number of original CTD casts: 
155 
Number of CTD casts processed: 155
Number of original TSG files: unknown
Number of TSG files processed: 4 (divided to deal with gaps in the text file provided)
INSTRUMENT SUMMARY
A SeaBird Model SBE 911+ CTD (#0506) was mounted with a Seapoint Fluorometer (#2229) on the primary pump with a 10X cable. The deck unit was a model 911 (#0471). The data logging computer was PACOSAPFS03. The salinometer used was a model 8400B Autosal.
SUMMARY OF QUALITY AND CONCERNS
The configuration files used at sea contained many errors.
The raw files for cast #1 were confused. There was an empty DAT file and another file with a CON extension that proved to actually be a HEX file.
During the second leg the secondary conductivity was good for part of the first cast, but thereafter is full of spikes or pad values. The temperature seems ok and there were no external sensors attached to that pump.
The transmissivity data are bad throughout the cruise. 

The primary pump appears to have not worked well during Leg 1. The two salinity channels differ markedly, but unfortunately all bottle sampling was from the one level at which they are fairly close. The largest differences are between 10db and 50db. T-S plots do establish that there are problems with the primary channel. Moreover, the fluorometer and dissolved oxygen sensors were mounted on the primary pump and the data for both those sensors also look bad for Leg 1. Both performed well on Leg 2.

The dissolved oxygen data for Leg 2 have been recalibrated using the results of cruise 2008-01, the last time the sensor is known to have been used. DO fits seem to vary reasonably slowly, but the quality of the recalibration will not be up to the usual standard.

The new algorithm was used for calculating dissolved oxygen concentration. The default value was used for parameter E since there were no deep casts to use to test it; varying it makes small changes in the values, and affects upcast and downcast equally.
There were many samples from ~8m.
Cast #157 at station ISEA32 appears to have captured internal wave action as demonstrated in a 15m vertical offset between downcast and upcast traces. A study was made to ensure this excursion was not the result of a malfunction in the CTD, but there was no evidence of problems; the stability frequency supports the likelihood of internal waves and the upcast and downcast T-S curves overlie each other well, preserving some small-scale features.

The pumps were not on for the downcast of cast #301 so upcast data were processed.

The thermosalinograph data were missing and after some effort the only data found were converted data in text format. So no checks could be made that the configuration was correctly entered. There was no intake thermistor or loop sampling. The only checks possible are from CTD data from near the level of the TSG intake for casts with well-mixed surface waters. There are errors in positions in the TSG text file. These were either corrected or replaced with pad value, but some doubt remains about the accuracy of these data. The salinity was extremely noisy and differed from the CTD by more than expected right after factory calibration. Temperature was recalibrated but salinity was not. Should the raw data become available this section should be reprocessed.

Spreadsheet 2008-15-bottles.xls was prepared containing all bottle samples together with upcast CTD data from the estimated level of the bottle stops.
PROCESSING SUMMARY
1. Seasave
This step was completed at sea; the raw data files have extension HEX, except one with extension DAT.
The file names were non-standard, missing a zero. The names were fixed for the HEX, DAT and HDR files.
2. Preliminary Steps

The Log Book was obtained and a few problems were noted. There was a list of equipment but no note of the fact that the primary conductivity sensor was changed for the 2nd leg of the cruise.
The log mentions many 10m bottles, but no deep bottles.
The bottle salinity, nutrient and chlorophyll data were obtained in spreadsheet format. 
The cruise summary sheet was completed. The histories of the conductivity and pressure sensors were obtained. It was assumed that the same TSG was used as usually goes on the RICKER, but that is not noted in the log book and we don’t have the raw files, so this could be wrong. 
Two variations on the calibration control file were identified and saved as 2008-15-ctd1.con and 2008-15-ctd2.con. Calibration constants were checked and an error was found in the pressure offset and primary conductivity for the one used for the first leg. The primary conductivity sensor was changed between legs, but the reason is not mentioned; possibly the only problem was the configuration file. The dissolved oxygen sensor calibration was old; a newer calibration was appropriate for this cruise. Also since a new algorithm is now being used, those coefficients were entered. 

 3. Conversion of Raw Data

All data were converted as follows:

· Cast #1: The DAT file could not be converted using 2008-15-ctd1.con and the file named 2008-15-0001.con could not be opened by the SeaBird software. So the con file was examined and found to be a HEX file that was mislabelled. When the extension was changed to HEX, it was converted successfully using 2008-15-ctd1.con.
· Casts #4-328: converted using 2008-15-ctd1.con.
· Casts #330 – end: converted using 2008-15-ctd2.con. 
A few casts were examined and all expected channels are present. Temperature and conductivity mostly look reasonable during Leg 1, but there is a very large vertical offset between downcast and upcast values for cast #157. Perhaps this is due to internal waves or ship drift in an area of large horizontal gradients. However, while the drift looks a little higher during the cast than usual, there are many other casts with larger differences at the beginning, bottom and end positions. There are also significant differences between the primary and secondary conductivity between 10 and 50db for many casts.
During Leg 2 the secondary conductivity is almost all bad. The first cast, #330, had a little good data, but something went wrong part-way through, there were a lot of spikes and thereafter mostly pad values are found. WILDEDIT does not help since the spikes are not isolated. Since the data are ok at the beginning, this does not look like a calibration problem; the primary conductivity, both temperature traces and the pump status seem ok. 

There were pressure spikes during casts #451 and 454 after which no data were acquired at all.

Fluorescence traces look very odd during the first leg. Values start very low during downcasts and increase rapidly to a peak at 10 to 20db; the upcast traces look much different with lower values where the downcast peaks, but higher values near the surface. The upcast values seem to be a bit closer to the few bottle values checked. According to the log book the fluorometer and oxygen sensor were both on the primary pump and the oxygen data appear normal. The pump status is normal. This data will have to be examined in more detail later. 

Transmissivity is very low everywhere and extremely so on the upcasts. The data do not look believable. Even if the calibration had drifted somewhat it would be unlikely to produce values like these and would not explain the differences between upcasts and downcasts. Both legs are affected; during Leg 2 the values are even lower and it is possible that the instrument was not mounted at all and we are looking at noise. The sensor should be checked! 
It is assumed that sampling was done by a Niskin bottle mounted 5m above the CTD as usual. Examination of the CTD data makes it clear that the CTD was stopped for surface sampling at 13 - 15m, so the bottles will be from 8 to 10m. Unfortunately the salinity gradient is fairly high for most of the casts at those depths. The length of stops for bottles varied from 10s to over 30s. The CTD typically sinks during the first 10s so it is not obvious what water will be captured in the Niskin bottle.
A test conversion of rosette files showed that files had been produced for every cast which is unusual. The firing time associated with these files appears to be when acquisition began, but before the pumps were turned on. It is unknown why this might have occurred as there was no rosette and the Niskin bottle was fired during the upcast. The data are of no use.

4. WILDEDIT

Program WILDEDIT was used to remove spikes from the pressure, temperature and conductivity channels only.  Parameters used were: 
Pass 1    Std Dev = 2 
Pass 2    Std Dev = 5 
Points per block = 50

5. CELLTM

Tests were run on 3 casts from each leg using a variety of settings for CELLTM to determine the best choice of parameters. The best choice varied for different depths and casts, but the best choice overall in areas of high temperature gradient was (0.02, 7) for Leg 1 and several settings looks similar for Leg 2 with (0.03, 9) best overall. For the secondary the choice of (0.03, 9) was best for Leg 1; there is no useful data from the secondary during that leg so no adjustment will be applied. 
CELLTM was run using (0.02, 7) for the primary for casts #1-328 and (0.03, 9) for casts #330 – 445 and for the secondary (0.03, 9) for casts #1-328.
6. DERIVE

The dissolved oxygen concentration is derived at this point, but this sensor has not been used since the new algorithm has come into use. So the choice of parameter E needs to be decided. This is unlikely to cause any significant difference with such shallow casts, but a few runs were done to test whether the new algorithm is any better than the old one for this data, and whether varying E had any notable effect. There was a slight increase in values when the value of E was increased; this affected downcast and upcast equally, so did not changed the differences between them. Profiles of data converted using the new  algorithm showed a clear improvement over those using the old one, with the separation between the downcast and upcast traces reduced, those still greater than seen in the temperature  traces. The only exception was for cast #157 which has odd looking temperature. So it looks best to use the new algorithm and use the default setting for E. We need a deeper cast to assess this parameter.
Program DERIVE was run twice: 


on all casts to calculate primary and secondary salinity and dissolved oxygen concentration.


on a few casts to calculate the differences between primary and secondary channels for temperature, conductivity and salinity. These were placed in a test directory and will not be archived.
7. Test Plots and Channel Check

Five casts were selected that sampled to 250m and had descent rates that were not terribly noisy and plots were made to check for agreement between the pairs of T and C sensors. The following values are rough estimates from downcast data but indicate reasonable correspondence:
	Cast #
	 Press
	T1-T0 
	C1-C0
	S1-S0
	Descent Rate

	157
	225
	+0.0004 
	-0.0002 XN
	-0.003 VN
	High, steady

	295
	225
	+0.0004 
	-0.00018 N
	-0.0026 VN
	High, steady

	322
	225
	+0.0005 
	-0.00015
	-0.0025 N
	High, steady

	333
	225
	+0.0002 
	n/a
	n/a
	High, steady

	342
	225
	+0.0002 XN
	n/a
	n/a
	High, steady


The missing values are from Leg 2 when only one conductivity sensor produced useful data. The results indicate that the other sensors were operating normally.
8. Conversion to IOS Headers

The IOSSHELL routine was used to convert SEA-Bird 911+ CNV files to IOS Headers. 
CLEAN was run to add event numbers and to replace pad values in the Pressure channel using linear interpolation based on scan number.

Water Depth is missing from the headers. The log book entries were used to prepare a spreadsheet  with columns FILENAME and LOC:WATER DEPTH. That was merged with the CLN files to create MRH files. 
9. Checking Headers

The header check was run and no errors were found.

A cross-reference listing was checked against the log book and 2 errors in station names were found and corrected.
The track plots (using event #s and station names) were produced and added to the end of this report.
The average surface pressure is 3.4db which is normal for the Ricker and values close to the surface look reasonable. 
There were only two casts with a mixed layer (based on local salinity gradient) greater than 10db (#392 and #396) and a few others between 5 and 10db, limiting the usefulness of a comparison between bottles and CTD.
10. SHIFT

Fluorescence
In the past it has been found appropriate to advance the Fluorescence by +24 records (1s) relative to the other channels. A few casts were examined to compare the offset between the upcast and downcast fluorescence with that of the temperature traces to ensure this setting is appropriate. There does seem to be some improvement below 30db as the separation between upcast and downcast traces becomes closer to that between temperature traces, though it is a little hard to judge at such depths since there is little variation. For Leg 1 the data above 30db does not improve with any normal setting. For Leg 2 +24 looks best.
An attempt was made to judge what was best by comparing with extracted chlorophyll after using a variety off shifts, but the shift effects look quite small compared to the differences between CTD and bottle data.

A shift of +24 records (1s) was applied. (Output: SHFFL)

Conductivity
Tests were run on the primary and secondary conductivity channels using a variety of settings. There were variations from feature to feature but the best results overall were:

Leg 1: 
Primary: 
-0.8s

           
Secondary: 
-0.5s

Leg 2:
Primary:
+0.9s



Secondary: 
not applicable since all data bad

SHIFT was run on all casts using those settings. The Leg 1 casts put through 2 runs of SHIFT, but only the primary was shifted for Leg 2. 

All files were put through REVERSE so that upcast data could be selected for comparison with the bottle data, given the doubts about the downcast fluorescence, output REV.

Dissolved Oxygen

The dissolved oxygen data looks bad for Leg 1 near the surface. SHIFT did not produce reasonable results with any setting. It is possible that the data are reliable below 100db, but without bottle sampling to confirm that, the data should not be archived.

For Leg 2 the data look fine and test showed a shift of +60 records brought the differences between downcasts and upcasts into line with those in the temperature traces. That setting has been seen with other DO sensors when the new algorithm is used.

The data from Leg 2 were put through SHIFT using +60 records for the Dissolved Oxygen channel.

THIS STEP WAS DONE LATE. I forgot to align the dissolved oxygen data before editing the files. So the output files from shifting the primary conductivity were put through SHIFT for Leg 2 only. Those files were then put through DELETE. The dissolved oxygen channels were removed from the previously edited files and then MERGE was used to add the aligned DO data to the previously edited files. Any scans that were removed in the original editing will also be missing from the output file. 

11. 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 many warnings but all but one pertained to upcast data, so were of no concern in creating downcast files. There was one warning for downcast data, but it was at the surface before the pumps were turned on, and the output file looks fine.
A second run of DELETE was applied to the reversed files, output DELREV.

CLIP was then applied to those files to select data from 5 to 12db; the data were BIN AVERAGED using 0.5db bins.
At this point cast #157 was examined in some detail because the upcast and downcast are so different. To ensure that this is not due to pump problems the data were examined in T-S space and up and down look very similar. It is also noted that fine details in T and S match well, so this data looks real. Since it looks like a case of internal wave action creating the vertical offset, the buoyancy frequency was calculated and found to be ~4 cycles per hour for most of the profile, implying a 15 minute period. It took about 7 minutes between the data collection at 50m of the downcast and 50m of the upcast, so about half a period, and thus maximum excursion would occur at about that depth. The plot shows the largest excursion between 50 and 100m. So it is assumed these data are good.

12. COMPARISON WITH BOTTLES

The salinity, chlorophyll and nutrient spreadsheets were simplified and combined in file 2008-15-bottles.xls. For comparison the CTD temperature, salinity and data from the upcast were added to the spreadsheet having been taken from ~8db. These data are averaged but unedited.
The bottles were nominally from 10db, but careful examination of a random sampling of casts suggests that most were really from about 8db, with some as shallow as 5db. Given the variation in firing depth, the best results will be from casts with little gradient between 5 and 10db. The comparisons were made with both upcast and downcast data. Bin-averaged data were thinned to ~7 and 8db and those values were used to estimate local salinity and fluorescence gradients. 

Salinity

The primary conductivity sensors were changed between Legs 1 and 2 and the secondary sensor did not work for Leg 2, so there are 3 sensors to study. Both downcast and upcast CTD data were examined.

The upcast CTD salinity data from 7 and 8db were added to the bottle file. The local gradient (diff in salinity/difference in pressure) was calculated and the data were reordered on that gradient. Extremes were removed and 55 values were examined. Both salinity channels read lower than the bottles by an average of 0.012 for Leg 1 and reducing the number of points in the average leads to larger differences. For Leg 2 there was a lot of scatter, but the primary sensor looks higher than the bottles by 0.004 if the 6 bottles with the lowest local gradients are used and high by 0.008 if 17 bottles are included. The three casts with extremely low local gradient show differences <0.002. The bottle stops were longer during Leg 2. (See 2008-15-CTD-bottle-upcast-comp.xls.)
A similar file was prepared using downcast CTD data. The primary and secondary salinity were found to be low by an average of 0.025 and 0.019 respectively for Leg 1 using 35 values. For Leg 2 there is a lot of scatter, but as the gradients approach zero the values become closer to zero. The average of the 11 points with the lowest local gradients indicates that the CTD primary salinity is low by 0.004.  

Leg 2 had a different sensor, but it is still striking that primary CTD differences from bottles are much smaller, using either upcast or downcast values. There may have been poorer flushing of the Niskin bottles of Leg 1 due to short bottle stops, but poor performance by the primary pump during the first leg is a stronger candidate to explain the difference. Profiles of salinity versus pressure show the primary salinity looking odd between the surface and 50db for many casts. It is not clear that the primary pump worked well on the second leg, but the problem is certainly not obvious as it was during Leg 1. Perversely, the one region between 0 and 50db at which the two salinity channels are quite close is from 5 to 10db, just where the bottle samples came from!
Other sources of error in this analysis are:

· Shed wake corruption of the upcast CTD data – this is not a big problem in this data since the descent rate is pretty steady and no rosette. The few casts examined do not suggest it is significant.
· Picking the wrong firing depth – hope this is random, so averages out, and choosing low gradient regions should reduce the problem. But it could be that the CTD data should be higher. That would explain the Leg 1 comparisons, but for Leg 2 we don’t see large differences, so this does not seem likely.

Neither of these comparisons provides sufficient evidence to enable recalibration of the CTD salinity, given the noisy distribution, high local gradients, short bottle stops and uncertain depth of sampling. The Leg 2 results do suggest that CTD salinity is good to ±0.005. For Leg 1 that is likely also the case.
A study was done comparing the upcast and downcast of one Leg 2 file to ensure that there are not similar problems with the primary pump. There are certainly differences but both look stable and the differences are largely a matter of poorer definition in the upcasts. So the pump is probably ok.

Fluorescence

The differences between the downcast and upcast CTD fluorescence are unusual during Leg 1, so this step is intended not just to see that the sensor is close to the bottles, but also to judge if the downcast data is of any use. Because the fluorescence seems ok in Leg 2, that was examined first. While the upcast and downcast data look alike, the comparison to CHL looked very odd with some unbelievably high values. This led to the discovery that there were errors in the CHL data. When those were corrected, the picture is a little clearer.

The upcast comparisons are similar in the two legs with most points falling close to FL/CHL ~1.

The downcast comparison for the Leg 2 is similar to those, but the Leg 1 downcast looks very strange. The fluorescence looks almost constant while CHL varies from ~0 to >5ug/l. 
Examination of some profiles shows that indeed the fluorescence is almost constant until about 10db when it quickly moves up to levels expected near the surface. Bottle values confirm that the fluorescence is too low at ~8db. Angelica Peña confirms that the fluorescence looks bad, too high at 15-20db and too low at the surface. This channel should not be archived for Leg 1. In the course of studying the problem it was discovered that the conductivity is also odd for many of these casts, so the problem may well be due to a pump malfunction.
13. DETAILED EDITING

The secondary sensors will be selected for Leg 1 and the primary for Leg 2.

.

CTDEDIT was used to clean the salinity data.
The data from the top 10db are frequently very noisy in regions where the descent rate is quite steady. This may sometimes be due to the CTD being soaked at 10db, raised to the surface and then immediately being lowered. In regions with little ship drift that can lead to noisy data if there is no wait at the surface. However, in many cases there was sufficient time at the surface before the full cast, so it is assumed that there were either real unstable conditions, so little editing was applied.
Surface data were often removed from before the time that the pump started working until a few seconds after the pump was turned on. There are frequently data just below the surface that look very unstable probably due to ship effects.
For cast #301 the pumps were not turned on until the CTD was at about 200db, so upcast data were edited. 
On-screen plots of descent rate and pump status were used to guide editing.

All casts required editing.
Note was made of the editing details in the headers of the relevant files.

14. Other Comparisons

Previous experience with these sensors –
· The pressure sensor was recalibrated in May 2006 and for the 4 cruises since then the offset recommended found at the factory has continued to work well. 
· The primary conductivity sensor used for Leg 1 was used only once since the last factory calibration, when it was found to produce salinity high by about 0.0017 though there were some doubts about the bottle comparison and the data were not selected for the archive. The primary sensor for Leg 2 has been used for 3 other cruises since last calibration, though with a different temperature sensor. The primary salinity was found to be low by 0.002 on one cruise and high by up to 0.002 for 2 others, though again there were problems in the comparisons. The secondary conductivity sensor was used for only 1 other cruise when it was very close to the bottles.

· The oxygen sensor has been used only once since repairs in early 2007. 
Historic ranges – Profile plots were made of T and S with local climatology superimposed where available. Almost all the data was within the historic ranges, with just a few excursions in salinity which was below the historic minima around 20 to 60db for casts #211-217 and higher than the maxima at about 60db for casts 315-328. These excursions do not look systematic so do not indicate any problem with the instrument or processing.
15. Initial Recalibration
As discussed in section 9 the salinity will not be recalibrated.
There is no basis for recalibration of the dissolved oxygen, except to use the results of cruise 2008-01 which is the only other cruise that used this sensor since it was last recalibrated. The use of the new DO algorithm is not expected to change the fit much, but we do expect some drift. The second recalibration will not be applied as that tends to vary from cruise to cruise and is a small correction.

File 2008-15-recal1.ccf was used to apply the following correction to the DO channel:

Dissolved Oxygen (Corrected) = 1.0633 * Dissolved Oxygen - 0.0194
17.  BIN AVERAGE of CTD files
The following Bin Average values were applied to the FIL files (output AVG):

Bin channel = pressure
Averaging interval = 1.000
Minimum bin value =   .000

Average value will be used. Interpolated values are NOT used for empty bins.
After averaging page plots were examined on screen. Based on the plots two casts were re-examined:
· The first record was removed from cast #145 as it was obviously meant to be removed in editing. 

· Cast #362 looks odd, with unstable features near the surface, but there is no evidence of corruption due to shed wakes and the cast is in an area with complex geography, so the data are probably fine.

Profile plots confirmed that there are no useful Transmissivity data. 
The Dissolved Oxygen and Fluorescence profiles look odd for the first leg. 
Plots of Salinity versus Dissolved Oxygen look odd for Leg 1, but better for Leg 2. 

18. FINAL CTD files steps (REMOVE and HEADEDIT)
The following channels were removed from casts #1-328: Scan_Number, Temperature:Primary, Salinity:T0:C0, Conductivity:Primary, Conductivity:Secondary, Transmissivity, Fluorescence:Seapoint, Oxygen:Dissolved:Voltage, Oxygen:Dissolved:SBE, Status:Pump, Descent_Rate and Flag. 
The following channels were removed from casts #330-454: Scan_Number, Temperature:Secondary, Salinity:T1:C1, Conductivity:Primary, Conductivity:Secondary, Transmissivity, Oxygen:Dissolved:Voltage, Status:Pump, Descent_Rate and Flag. 

HEADER EDIT was used to fix formats and channel names, to fix the geographic description and to add the following comments:
LEG 1

All fluorescence, dissolved oxygen and transmissivity data were bad

for Leg 1 of this cruise. 

LEG 2

The fluorescence data are nominal and unedited except that some

 records were removed in editing T and S.

The transmissometer malfunctioned so no useful data are available.

There were no DO bottle samples available for Dissolved Oxygen so data were

 recalibrated using the results of another cruise that used the

 same sensor.

The Standards Check routine was run and HEADEDIT adjusted until no further problems were found. 
For casts #330 to the end a second dissolved oxygen channel was derived with units umol/kg. 

The final files were named CTD. 
Oxygen saturation was calculated for those casts and surface values were plotted. They varied from about 75% to 100% with the lowest values in Juan de Fuca Strait, and values in the offshore lines very close to 100%.

19. Thermosalinograph Data

The raw data were not available. After some effort converted data in text files were obtained. If the raw data are obtained later checks should be made that the right parameters were entered in the configuration files.
The text files could not be opened in EXCEL without blanks between entries and were too large for EXCEL in any case. They were opened in Ultraedit, split into 2 parts and saved in 2 DOS text format files. Those were then opened in EXCEL. There were some gaps in the data, so separate files were made, each having continuous data (I think) and those were saved as 4 CSV files. 
a.) Checking calibrations
NOT DONE – configuration files not available.
b.) Converting to IOS Headers and adding position headers and time channels
The IOS files were converted to IOS Header format and named 2008-15-tsg*.ios.
Start times had to be entered to enable date and time to be calculated for these files. These were calculated from the Time:Julian. Fortunately, the algorithm for date and time does not seem to depend on this entry, it just won’t work without it. 

Plots of latitude and longitude against Time:Julian showed there were some errors in latitude longitude as follows:
· File #1 
- 1 lat/long pair had the “-“ sign on the latitude and an impossible longitude. The sign was fixed for the latitude and the longitude was replaced with a pad value.

- 1 record had positions that made no sense, so pad values were entered. The temperature and salinity values are intermediate between the ones on either side, so were left alone.
· File #2 – no problems.

· File #3 – The last two values do not look believable. The positions and temperature and salinity are probably fine, but the time makes no sense. There was a break in the record at this point, and it is assumed that however, the time was calculated, it involved a misinterpretation of the data record.  The last two records were clearly wrong - it is likely that the values belong to the beginning of the next file, but that is not completely clear since scan #s are missing, so the values were replaced with pad values.
· File #4 - 1 record had latitude with a "-" value which was removed and longitude that made no sense, so was replaced with a pad value. The temperature and salinity values look reasonable, so were left alone.
Comments were entered about the corrections in the headers of the IOS files.
ADD TIME CHANNEL was used to add time and date channels, END times and record numbers (needed in order to edit the files) and the output files were named *.ATC. 

An initial track plot was produced and it looks fine. 
A time-series plot was produced and showed a lot of noise in salinity. 
c.) CTDEDIT
CTDEDIT was used to examine the temperature and salinity. In a few cases there were sudden drops or rises in salinity. Two cases examined proved to be at either end of Johnstone Strait, so may well be real variations due to tidal mixing. A few other spots checked were in inlets, so while the salinity looks suspicious, the variability may well be real. There is at least some suggestion that as the ship changes directions the noisy level varies. This could be due to the inlet depth or ship effects varying as the ship gets on station, or turns. When travelling in inlets the changes in direction are often associated with fresh-water input from rivers, so establishing what is real and what an artefact of ship activity is impossible within this study. No editing was applied as there were no extreme outliers and the noisy sections do not obviously contain bad data.
d.)  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 4db and exported to a spreadsheet. In fact the TSG intake is shallower than that, ~3m, but there is not as much data from 3db.
The TSG files were opened in EXCEL, median and standard deviations were calculated for temperature, salinity and fluorescence, and the file was then reduced to the times when CTDs were run. The relevant TSG and CTD data were combined in a spreadsheet (2008-15-ctd-tsg-comp.xls). The positions were compared and were not as close as usual. We usually find average differences in latitude and longitude of <0.0002º and no difference greater than 0.0005º. In this case the averages are 0.0007º and 0.0004º but the differences go as high as 0.0045º in latitude and 0.01º in longitude and the standard deviations are 0.00075º for latitude and 0.00151º for longitude. This could indicate a problem with the clock, but the error does not look systematic, with many casts matching well. More likely this is a problem in how this files were created. It was noted earlier that there are occasional longitude values that look very bad. There must have been some other spikes in the data and it is unknown how they were corrected.
This spreadsheet will also be used in step (f) to compare temperature and salinity. Only casts with a good match between CTD and TSG positions will be used for that. To that end quality flags were entered using the following scheme:
	Quality Flags for CTD-TSG match
	 

	1
	both lats & longs differ by <0.0003º

	2
	both lats & longs differ by <0.001º

	3
	lat and/or long differ by >0.001º

	4
	lat and/or long differ by >0.01º


e.) Alignment check

No check was possible, but the alignment between conductivity and temperature is not usually a problem.
f.) Comparison of T and S from TSG and CTD data
· T1 vs T2 ˚C. There was no secondary temperature sensor at the intake.

· 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 108 casts that could be used. Graphs were prepared comparing the TSG temperature and salinity with those of the CTD. 
· When all differences were averaged the temperature looks high by 0.20C˚. However, when points are excluded with suspicious positions or high standard deviation in the TSG data, the temperature is found to be high by 0.23C˚ (based on 39 casts). Removing more outliers has little effect on the comparison. A plot was made of differences against temperature, using only data with the position match flag of “1” and standard deviations in temperature <0.0025. There was one major outlier so that was excluded. This left 27 points and they show the usual sort of temperature dependence, with the largest difference for the coldest water. There does not seem to be a pattern of larger differences with poorer position matches, except that the worst match is an extreme outlier. The differences are significantly lower after cast #277 at about the same point where salinity differences shift too; the shifts could have been a little earlier, masked by noisy data. There is a short section from around event #s 200-220 with intermediate values. There was a change of CTD sensors at cast #330, but nothing in the log suggests anything relevant happening at around #277. And there are some doubts about the pump performance for the CTD for Leg 1. , but again any shift caused by fixing that should show up later. There was a move to more southerly waters at that stage where casts were less well-mixed. But there are some well-mixed casts in that area, so this does not really seem like a sufficient explanation. The in situ temperature does not seem to explain this as there are higher and lower temperatures in the earlier section. 
CTD casts were identified that were fairly well-mixed from 3 to 7db, and from those cases with poor positions or high standard deviation in the TSG temperature were excluded. Plotting the temperature differences for those casts show larger differences for higher temperatures as expected, but there is not a clear pattern. A plot of these casts against event number suggests that early in the cruise the heating in the loop was higher for lower temperatures as expected. But the shift around #277 (average 0.235C˚ before and 0.215C˚ after) does not seem to fit that pattern;  heating in the loop appears to be lower after #377 than seen early for similar CTD temperatures. There could have been a change in the temperature sensor calibration, or possibly the difference is related to outside temperatures. If the ship were cooler, then there might be less heating in the loop. We don’t really expect lower temperatures further south, but it was also getting later in the year, so it is possible. But that explanation does not explain the salinity shift at about the same time. These shifts really stand out on a plot, though the temperature variation is not large. 
Averaging all data indicated that salinity was low by 1.1. Removing the points with poor matches in positions reduced the average difference only slightly. Using only casts for which the standard deviation in the TSG salinity was <0.008 showed the TSG to be low by 0.44. Removing any more points based on standard deviations had little effect on the average. A plot of differences against cast # shows a remarkable change at about cast #275. We have already seen a change in temperature at about the same point, and that would affect the salinity, but it would raise it by ~0.03 or 0.04, not lower it by 0.35. A sudden shift in both T and C calibration does not fit either since there did seem to be a short section of intermediate differences just after event #200. There is little evidence from Leg 2 since the stratification was greater and the standard deviation in the TSG salinity higher than earlier. 
One other possibility is that something affected the flow to the TSG.
·  Loop Bottle Comparisons There were no loop salinity samples.
· Calibration History 
It is not certain which TSG was used, but it is most likely TSG #2488 which was recalibrated in   January 2008 and appears not to have been used since then. In the past the temperature was found to be high by from 0.03 to 0.22 based on an external sensor, and we expect this difference to be lower when the ambient temperatures are higher; for this cruise they were intermediate. The salinity was found to be low by from 0.02 to 0.10, with loop samples sometimes available. 
Conclusions

There is something odd going on. The TSG was recalibrated at the factory shortly before this cruise so we would expect little error in salinity. A warming in the loop of about 0.2Cº is fairly typical for the Ricker in winter, so the average difference found for this cruise of -0.22Cº is reasonable. And the variations in heating through the cruise are partly explained by the variations in surface water temperatures, particularly if we consider that the ship’s temperature itself may have varied. So applying a correction of -0.22Cº  to the lab temperature to create a proxy for intake temperature is reasonable. 
The bigger problem is the salinity. It is extremely noisy at times; in quieter sections it appears to be low by 0.25 for most of the first leg and by 0.60 later. There is not a strong basis of comparison for Leg 2 since there was a lot of noise in the salinity data and the stratification was higher, but what evidence there is, suggests a figure closer to 0.6 than 0.25. Possible explanations include small errors in positions leading to a poor match in highly variable conditions, problems in the loop itself late in the cruise (ex, freshwater or bubbles getting into the line) or ship variations including bubbles from the propeller or healing over in high winds so the sample is from variable depth. The loop may have sampled from higher than we think and there is no CTD data shallow enough to test that theory. Without knowing the cause for the shift, it is not justified to make the TSG match the CTD. The differences could be due to actual differences in what was being sampled by the two systems. So salinity will not be recalibrated.
A final possible explanation is that an error was made in the creation of these files. Since the raw files were unavailable this could not be checked. There is no evidence of a systematic error.

f.) Recalibration
ADD CHANNEL was used to add channel Temperature:Primary which will be used as a proxy for intake temperature.

File 2008-15-TSG-recal.ccf was used to set Temperature:Primary = Temperature:Lab -0.22 Cº.
h.) Preparing Final Files
REMOVE was used to remove the following channels: Record #.
HEADER EDIT was used to change the DATA TYPE to THERMOSALINOGRAPH and to add the depth of sampling to the header and the following comment about the data.
WARNING

THE RAW DATA WERE NOT AVAILABLE TO THE PROCESSOR. CONVERTED FILES WERE

OBTAINED, BUT THEY CONTAINED SOME ERRORS IN LATITUDE AND LONGITUDE. THERE

REMAIN SOME DOUBTS ABOUT THE POSITIONS AND IT WAS IMPOSSIBLE TO CHECK

THE CALIBRATION PARAMETERS USED TO CREATE THESE FILES, SO THE DATA SHOULD

BE USED WITH CARE.

The temperature data have been recalibrated based on comparison with CTD

data from the depth of the TSG intake and the history of the instrument.

There were no loop samples and no intake thermistor.

The comparison of CTD and TSG salinity was confusing. The salinity appears

to be low by 0.25 early in the cruise and by 0.6 after October 23, 2008. 

The TSG had just come back from factory recalibration. 

Given the possiblity that the problem is a mismatch between TSG and CTD, or 

errors in creating the TSG files, and the absence of a clear explanation

for such large differences, no recalibration was applied to the TSG salinity. 

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

20. Producing final files
A cross-reference listing was produced for CTD files.

HEADER CHECK was rerun and a cruise track plotted and no errors found.

The sensor history was updated for the TSG and CTD sensors.
Particulars: (Notes from log book) 
1. NMEA lat/long wrong

301. Pumps off for downcast

330. Trouble with fluorometer? New conductivity sensor

398. Rough seas, hit bottom? Drifted into shallow water

424. Bottle didn’t trip so went down again to collect sample

451. Trouble with the CTD on upcast. No bottle sample.

454. Trouble with the CTD on upcast. Did get bottle sample.

457-473. No data from the last 7 casts
Institute of Ocean Sciences   
 CRUISE SUMMARY

	Cruise ID#:    2008-15

	Dates:   Start: 7 October 2008                 End: 11 November 2008

	Location: SoG/JdeF/WCVI/North Coast

	Vessel:  W.E.Ricker                                    Party Chief: Trudel M.

	

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

	1
	SEABIRD
	911+
	0506
	No
	Yes


CTD Calibration Information

Make/Model/Serial#:
SEABIRD/911+/0506         Cruise ID#:

2008-15


	Calibration Information

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature


	4752
	06/03/07
	Factory
	
	

	Conductivity

(up to cast 328)
	3321
	13/03/07
	“
	
	

	Conductivity (from cast 330 to end)
	2173
	07/05/08
	“
	
	

	Secondary Temp.


	2968
	22/08/07
	“
	
	

	Secondary Cond.
	3038
	11/10/07
	“
	
	

	Fluorometer
	2229
	
	IOS
	
	

	SBE43 Oxygen
	47
	01/06/07
	Factory
	
	

	Transmissometer
	953DR
	22/04/07
	IOS
	
	

	Pressure Sensor
	69698
	26/05/2006
	Factory
	
	


TSG Calibration Information

  Make/Model/Serial#:
SEABIRD/21/2488       Cruise ID#:
2008-15


	Calibration Information – CON FILE NOT AVAILABE – THIS INFO NOT CONFIRMED

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature
	2488
	23/01/08
	Factory
	
	

	Conductivity
	2488
	23/01/08
	“
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