REVISION NOTICE TABLE

	DATE
	DESCRIPTION OF REVISION

	
	

	5 Feb. 2019
	Bottle spreadsheet converted to searchable BOT files.


NOTE (April 2009): Post-cruise factory calibrations of the T and C sensors indicate there were no significant drifts and errors in salinity would be <0.001. No recalibration is required.
PROCESSING NOTES
Cruise: 2008-12
Agency: PBS, Salmon and Freshwater Ecosystems, Nanaimo, B.C.
Project: High Seas Salmon
Chief Scientist: Trudel M.
Platform: Viking Storm and W.E. Ricker
Date: March 1, 2008 – March 24, 2008
Processed by: Germaine Gatien

Date of Processing: 12 January 2009 – 28 January 2009
Number of original CTD casts:  118

Number of casts processed:  118
INSTRUMENT SUMMARY
A SeaBird Model SBE-25 CTD (#0404) was run with pressure sensor #0573 and was mounted with the following external sensors: Seapoint fluorometer #2845 and transmissometer #498DR. The fluorometer was pumped.
SUMMARY OF QUALITY AND CONCERNS
The file names were non-standard.
The data in files 2008-12-0018.ctd and 2008-12-0034.ctd come from the upcasts; for #18 there are no data available below 73db.

The first 12 files had format errors. The problem with the first (event #2) was easily resolved, but the next 11 files (events #5-#46) required considerable manipulation of the hex files in order to recover the data. There remains some uncertainty about the assignment of data to particular stations, and some data were irretrievable. There were no transmissivity or fluorometry data in files #2 – 46. From event #50 onwards the hex files were in good order.
Salinity data were provided in a number of analysis files. No one file contained all the data and for casts #167 to 273 no analysis results could be found, but Hugh Maclean did have the calculated bottle salinity. It is possible that there were problems with those samples, so they were flagged. 

There were many salinity samples from about 10m, and one deep sample. Differences between CTD and bottle salinity varied widely (in magnitude and sign), and averages varied depending on what outliers were excluded. Stops for bottles were very short for the Viking Storm casts, typically 10s or less; the surface bottles suggest the CTD is high by <0.02, but the short bottle stops make this an unreliable result. The one deep bottle shows the CTD to be high by 0.01. The Ricker stops were at least 30s and when extreme outliers are excluded show the CTD to be low by 0.014; those casts with low local salinity gradients show it to be low by an average of 0.009, while the 3 casts with the lowest local gradient indicate it is low by 0.004. CTD salinity calibration is considered good to ±0.01.
The dates in the files were ahead of the log by one day and they were in local time whereas the log entries were in UTC. Corrections were made on the assumption that the log times and dates were right.
PROCESSING SUMMARY
1. Seasave - This step was completed at sea; the raw data files have extension HEX. The names were not in standard format.
2. Preliminary Steps
The Daily Log was obtained and read. It was noted that the configuration changed at cast #50. 
The file names were changed to standard format.
The cruise summary sheet was completed.
3. Conversion of Raw Data
The configuration files used at sea were obtained. File 0404ctd.includes calibration information for transmissivity and fluorometer. File 0404b ctd.con has no entry for the transmissometer while file 0404c ctd.con lacks both transmissometer and fluorometer calibration entries.

Coefficients were checked and no errors were found.
All hex files were converted using 0404CTD.con.
A few casts were plotted. The first 12 files contain no useful data. It was noted in the log book that the configuration was not right until cast #50. Several approaches were tried to retrieve the data for the early files:

· The data were converted using the “0404 b ctd.con” and “0404c ctd.con” files, but the results were not any better.

· The file for event #46 started like the previous ones, but shifted to the normal pattern part way through. When the first part of the file was removed and then converted, the pressure and temperature values look reasonable, but conductivity does not; moreover, the pressure suggests that the file combines parts of two different casts.

· The hex files for the good files have all lines starting with a “0D” or “0E”. The bad files have no such pattern, but if you rearrange them by shortening the lines from 22 spaces to 20 spaces moving the extra digits to the next row, you get something that looks right. An attempt was made to edit part of file #2 and convert it. This appeared to work, though it is not immediately obvious which con file to use. It was a very tedious job since these are large files. Howard Freeland wrote a high tech basic routine to do the editing automatically. Unfortunately, it only produced reasonable results for cast #2. The rest either make no sense or don’t look like the beginning of files. 
· For the casts from #5 through #46 an extra step was added. Looking through each file a number of likely opening patterns were identified. About 10 lines of the file were then rearranged manually so they start with that pattern. A test conversion was done. Sometimes the results were bad, so another pattern was tried. Eventually a good pattern was identified for each file. A return was made to the original hex file for each, and the first line in the file that started with the right pattern was found. All lines before that one were removed (usually just 3 or 4 lines). Those files were then put through Howard Freeland’s program and the results were files with some good data. Cast #5 looks like a full cast. The rest of the files contain parts of more than one cast. The following appears to be what is in each file:

File #5 – full cast, presumed to be from event #5

File #10 – full cast and partial downcast that probably belongs to event #13

File #13 looks like it has the rest of event #13 plus some rubbish

File #18 looks like most of a cast, presumed to be #18, but the initial 75m of downcast are missing – presume that is the “rubbish” from the previous file. There is also some downcast data to 99db that is presumed to be part of event #21.

File #21 – starts at 99db, goes down, up and then down again to 146db. This is presumed to be rest of event #21, plus beginning of event #26.

File #26 – starts at 147db, down a bit then up to surface, followed by a full downcast and partial upcast to 118db. Presume this is rest of event #26 plus much of event #29

File #29 – starts at 118db and goes up to surface plus rubbish. Presume rest of event #29 and the “rubbish” is probably most of event #34.

File #34 – starts with upcast from 72db, then most of a cast ending with upcast at 20db. Presume this is the end of the upcast of event #34 plus most of event #37

File #37 – up from 20db to surface, then full cast to 70db plus 80db of another downcast. Presume this is end of event #37, all of event #42 and a little of event #46
File #42 – starts at 80db, goes down to 150, then up to surface. Presume rest of #46
File #46 – a bit of surface data then rubbish. Not useful. Probably end of upcast surface data for #46.
The CNV files named #10-46 were rebuilt based on these presumptions. There is uncertainty about these assignments that are better assessed later. Files #18 and #34 are incomplete with only part of the upcasts. These could be reversed to provide something to archive.
The next question was which configuration file to use for conversion of these recovered files. Attempts to convert the fluorescence and transmissivity data do not look good, so conversion was rerun using con file “0440c ctd.con”. 
A few casts were plotted and all data looks reasonable, though there were a few pressure spikes in cast #293. WILDEDIT should fix that.
The pressure signal is not smooth, having steps of about 0.2db as is usual for this model CTD; the manufacturer states the resolution is 1db. In a few casts with fairly steady descent rate, there are some small reversals. These could be instrumental effects, however, they are probably real since they are not seen in casts that had very steady descent rates.
The descent rate generally looks very noisy for some offshore casts with some complete reversals in direction, but for others it is quite steady. The downcast descent rate tends to be higher than the upcast. The CTD was stopped at about the 10db level during the upcast for the Viking Storm casts and the Niskin was mounted a short distance above that. The CTD stopped at about 15m for the Ricker casts (from cast #302 to the end). Based on previous cruises on the Ricker, it is assumed that the Niskin was mounted about 5m above the CTD, so sampling is from about 10m for both ships.
4. WILDEDIT

WILDEDIT was run on all casts on pressure, temperature and conductivity channels using 2, 5, 50, 0 for “Standard deviations for pass 1” and “Standard deviations for pass 2”, scans per block and “Keep data within this distance of the mean”. After this step the spikes were gone from cast #293. It was later realized that this was not the best choice for this CTD. The parameters chosen were the ones usually used for the SBE911+ CTD whereas a choice of 2,20,25,0 is probably better for the SBE25. However, a few tests runs showed no difference in the effect, probably because this was not a very spiky data set. 
5. WFILTER

Based on the results of many other cruises using this equipment, the SeaSoft routine WFILTER was run for all casts to apply a cosine filter, size 5, to the pressure, temperature and conductivity. This removes the steps caused by the limitations of the pressure sensor. A few casts were examined before and after and the results look good.

In a previous use of this CTD type, tests were done on the fluorescence channel to see if that should be filtered as well. It was found that while the fluorescence has a lot of fine-scale noise; a median filter works better than a cosine filter. This step will be run later in the processing so that unfiltered files are available in IOS SHELL format for special purposes.
6. CELLTM
Tests were run using a variety of setting for CELLTM. The best results in the past have been with (α = 0.03, 1/β = 9.0) and that proved to be the best choice for this data as well though (0.04/8.0) was similar.
CELLTM was run on all casts using α = 0.03, 1/β = 9.0.
7. DERIVE

Program DERIVE was run to calculate salinity.
8.  Conversion to IOS Headers
The IOSSHELL routine was used to convert Sea-Bird ASCII data to IOS Headers. 
A number of items are missing from the headers – positions, event numbers and water depth. 
HEADER EDIT was used to add the missing lines to the headers, and a text editor was used to enter the latitude and longitude and (where available) water depth based on the log book entries. 
In the course of checking these entries the following errors were found and corrected:
· File # 54 – Time matches event #53 in the log. Event #54 was a Bongo. File name and event # changed to 53.

· File # 56 – Time matches event #55 in the log. Event #56 was a Bongo. File name and event # changed to 55.
· File # 58 – Time matches event #57 in the log. Event #58 was a Bongo. File name and event # changed to 57.
· File # 60 – Time matches event #59 in the log. Event #60 was a TOW according to the log. File name and event # changed to 59.
· File # 171– Time matches event #170 in the log. Event #171 was a TOW. File name & event # changed to 170.
· File #376 - Time matches event #177 in the log. Event #176 was a TRAWL. File name & event # changed to 377.
A track plot was used to ensure the entries made sense. A few problems were found and corrected.
A few quick checks for casts 2-46 did not turn up any signs of mis-assignment of data. Plots with historic ranges and checks against the salinity bottles suggest the matches are ok.
9. Checking Headers

Header Check was run and no problems found.
The log indicates the times are in UTC and that seems to be the case. The header times look as though they are in local time. There is some confusion because the ship was at sea when the clocks changed to Daylight Savings Time, but the difference between the file header times and log times seems to be 7 hours throughout, so probably the decision was made to switch early to avoid confusion. A further check is possible for PBS cruises, because almost all work occurs between 7am and 7pm local time. If the ship were using PST then all work would be between 1500 and 0300 UTC, whereas after the shift to PDT that would be between 1400 and 0200. The log entries almost all fall into the PDT pattern. So there is no evidence of a time change during the cruise. Assuming that PDT was used in the headers, it is necessary to add 7 hours to change the times to UTC. 
A cross-reference list was produced. A problem was found in dates. It is believed that the file times are behind by 7 hours since they are in local time, but the dates are ahead by a day. So rather than add 7 hours we should subtract 17 hours. A few errors were found and fixed in positions and station names.
ADD TIME CHANNEL was run to subtract 17 hours from the times.

The Surface Check produces an average of -0.43db but the very low salinity values suggest that the CTD  pumps were not yet operating. Fluorescence and transmissivity during the upcast suggest the pressure is good to ±0.2db.
Track plots were produced and added to the end of this report. 
10. Bottle Data

The nutrient and CHL data were delivered in files 2008-12+NUTsOct21.xls and 12chlhugh.xls. 
The salinity data were processed with those of another cruise and were delivered in several formats. One file (2008-12-sal.xls) included bottles up to cast #114 from this cruise. Another (2008-12sal.xls) contained bottles from casts #50-167 and #263-376. A file with data from Knight Inlet (KnightIn08sal.xls) contained a little data from this cruise including quality flags and comments for two samples for which the information was otherwise missing. There were also some salinity data (from casts 167-263) in a file from Hugh Maclean (2008-12salhugh.xls) but there are only bottle values, not the full analysis entries; the values look  noisier than other sections, so there may be a good reason they were not included in file 2008-12-sal.xls. However, much of the noisy data are in a line running offshore, so weather conditions may explain the results and there are other noisy data included in the analysis files. Nonetheless samples #167-263 must be considered less reliable than others. The values were flagged “d” in the combined file with an explanation about the source. 
All the bottle data were combined in a single file which was simplified and saved as 2008-12-bottles.xls. The Niskin bottle was mounted very close to the CTD for the Viking Storm casts, but was probably about 5m above the CTD for the Ricker casts. A column marked Niskin offset was entered for the estimated distance between CTD and Niskin bottle. CTD salinity and fluorescence data were extracted from each of the files to go with the bottle data. The depth of bottle firing was estimating by checking the pressure at which the CTD stopped (very rough since there is vertical motion while stopped) and subtracting the offset. The differences between CTD salinity and bottle salinity and the ratio of CHL to CTD Fluorescence were calculated, but it must be kept in mind that we don’t really know the depth of firing or exactly how far above the CTD the Niskin was mounted. Moreover, taking the values from the upcast introduces errors, while using the downcast in areas of active mixing or from a drifting ship is even worse because of the time difference. The stops were short for the Viking Storm, there was a lot of motion during the stops and the local gradients frequently were high at 10db. The Ricker stops were usually about 30s long, and the CTD depth was steadier during the stops.
When all data are included the CTD Fluorescence is about half the extracted CHL, but a straight-line fit is poor. Clearly the ratio is much different for low CHL. When only data with CHL<1ug/l are included the Fluorescence is about 83% of the CHL and it is ~72% of CHL for 1<CHL<2. Between 2 and 3.5ug/l there is a large scatter and no fit looks reliable; excluding 5 outliers leads to a tighter fit, but a large offset. For CHL>3/5ug/l the fluorescence is about 40% of the CHL but, while there are no extreme outliers, there is a lot of scatter.
The differences between the CTD salinity and bottle salinity are also very noisy. When all the bottles are included the CTD is high by an average of 0.03 with a standard deviation of 0.20 and the median shows it high by 0.01. When only Ricker casts are included the CTD is low by 0.11 with a standard deviation of 0.22 and the median shows it low by 0.015. Plotting differences against distance between bottle and CTD shows a difference that has the CTD high on the Viking Storm and low on the Ricker. This may be an indication that the offsets chosen are not sufficiently accurate, and there are a lot of low outliers among the Ricker data which may be due to problems encountered with sampling in the latter part of the cruise. However, the stops were longer for the Ricker so the differences are likely to be more reliable. When only Ricker casts with a low local salinity gradient are selected the CTD salinity is low by an average -0.009 and even lower if the 3 lowest gradient casts are selected.

The data were ordered on salinity differences and averages calculated by excluding outliers based on a variety of criteria. The table below summarizes the results. All methods that include the Viking Storm samples led to an estimate that the CTD is high. The data from the Ricker indicates that the CTD salinity is low, but probably by no more than 0.01. 

	Salinity comparison summary
	 
	 
	 
	 
	 

	 
	
	
	
	
	
	
	 

	 
	all data
	A
	B
	C
	D
	E
	F

	Average
	0.0297
	0.0239
	0.0064
	0.0061
	0.0300
	-0.0142
	-0.0085

	Std. Dev.
	0.1998
	0.0457
	0.0207
	0.0181
	0.0413
	0.0195
	0.0109

	Median
	0.0117
	0.0099
	0.0014
	0.0012
	0.0125
	-0.0071
	-0.0061

	A = excluding salinity differences >0.15
	
	
	
	 

	B = excluding salinity differences >0.05
	
	
	
	 

	C = excluding salinity differences >0.05 and casts 167-263
	
	 

	D = excluding only 8 extreme values from either end when ordered on differences
	 

	E = Ricker casts excluding differences >0.1
	
	
	 

	F = Ricker casts with low gradient near 10db and long stops for bottles
	 


There are a number of errors in this study, some of which are random and should be minimized by averaging, such as poor estimates of the exact depth of bottle firing. However, if the estimate of the offset between CTD and Niskin bottle is poor, that will be a systematic error, as will the results of not waiting long enough before firing for the Viking Storm casts. Better results are expected from the deep sample at a level with a low salinity gradient so that exact depth is not so critical. For that sample the CTD is high by 0.01, which is close to the result from the median difference using all data or method A. Unfortunately, a single deep sample is not enough to give great confidence in the result. This evidence is too weak to justify recalibration, but does suggest that the CTD is good to ±0.01.
A separate study was done of casts 2-46 to check that the data were assigned to the right events. Looking at the differences between bottles and CTD, there is a little more noise in that region than in Puget Sound, which probably just reflects the much higher salinity gradient in the Strait of Georgia. Offsetting the values so they are associated with the cast before or after produces larger differences except for the following:

· CTD from file #18 is a little closer to the bottle from #21.

· CTD from file #42 is a little closer to the bottle from #45.

While closer, there was not a large difference, and when later casts were checked in the same way the CTD data from cast #71 looked closer to the bottle from #67 than #71 and there is no doubt about that data being assigned correctly.

11. SHIFT
Conductivity

On previous cruises using this type of CTD good results were found when SHIFT was run to advance the conductivity by +0.7 or +1 records. Tests were run on 2 casts with steady descent rates using settings from -1 to +1 records and the best results were found to be from +0.5s. 
SHIFT was run on all casts advancing the conductivity by +.5 records.

Fluorescence 
Tests run on a few casts shows that a shift of +48 records looks appropriate to bring the differences between upcast and downcast traces into line with those of the temperature channel. In previous uses of SBE25 CTDs that has generally been the choice made, though for 2007-65 a shift of +24 records was found to be best. All casts were put through SHIFT using +48 records. A few plots were examined and the results look satisfactory.
11. DELETE

The shifted files were put through DELETE using the following parameters: 

Surface Record Removal: Last Press Min

Maximum Surface Pressure (relative): 10.00    
Surface Swell Pressure Tolerance: 1.0

Swells deleted. Warning message if pressure difference of 2.00

Drop rates < 0.3m/s (calculated over 5 points) was deleted 
Sample interval taken from the header.  Pressure was not filtered.

COMMENTS ON WARNINGS: The only warning was about cast #34 which had no downcast data in it.
The two files with missing or incomplete downcasts (18 and 34) were put through REVERSE and then DELETE with output DELREV. 
12. DETAILED EDITING

An initial examination of the data shows that most of the data in top 1 to 2db will have to be removed in editing. So CLIP was run to remove data from the top 1db. This will simplify editing slightly without significant loss of data.

Page plots were examined on-screen and examined for spikes and instabilities and used to guide the use of CTDEDIT.  
The following casts required no editing: 10, 67, 86, 110-114, 125, 137, 152, 161, 200, 218-221, 230, 260, 272-275, 323. All other casts required editing. 

Note was made of the editing details in the files. 

13. Filter

A median filter, size 5, was applied to the fluorescence channel in files 50-377. (Output:FIL) One cast was plotted before and after to ensure the filter worked well and it did.
14. Files for Angelica Peña

The EDT files were clipped to 120db and put through special processing for Angelica Peña. Two sets of downcast files were created, one with filtered fluorescence and one with unfiltered. Both were bin-averaged with 0.25db bins which were put through REMOVE and HEADEDIT. 
A set of upcast files were produced by putting the output files from the SHIFT routine (after alignment of fluorescence) through Reverse. They were then put through three different processes:

· DELETE, CLIP

· Filter, DELETE, CLIP

· DELETE, CLIP, Bin Average

They were then put through Remove and Headedit. These files contain data from the top 15db only.
15. Other calibration information
Sensor History  
The conductivity sensor was used during 2007-67 in November 2007 and 2008-52 in September 2008. The CTD was found to by low by ~0.007 and 0.012, but no recalibration was applied because the results were not considered reliable enough.
The pressure sensor has been used twice before and was thought to be close to accurate, though possibly very slightly low.
Historic ranges 
All temperature traces were within the historic ranges, where local climatology was available. Salinity was occasionally lower than the historic minima at the surface. This could be cause by limited surface data in the climatology or by the pumps not having been running long enough. These low values do not look like evidence of poor calibration.
16. Recalibration
The CTD salinity will not be recalibrated because the comparison with bottles is very sensitive to how many outliers are excluded. The evidence from previous cruises is not strong enough either. When the sensor is next recalibrated, this decision could be revisited
17. BIN AVERAGE
The following Bin Average values were applied to the FIL files:

Bin channel = pressure 

Averaging interval = 1db

Minimum bin value =   .000
Average value will be used

Interpolated values are NOT used for empty bins.
18. REMOVE
The following channels were removed from all casts: Scan_number; Conductivity:Primary, Descent Rate and Flag.  

Plots were examined on-screen to see if there were any further problems and none were found. 
19. HEADER EDIT
Header Edit was used to fix formats and channel names and to add the following comment (for all casts for which there is fluorescence and transmissivity data):

Fluorescence and Transmissivity data are unedited and nominal except that some

records were removed in the processing of editing of temperature and salinity.

At the same time the Geographic Area header entry was changed.
A note was added to the headers of cast #18 and 34 to indicate the data came from the upcast.
Standards Check was run and no problems were found.
20. Producing final files
a.) The final files were renamed CTD.

b.) A cross-reference listing was produced.
c.) The conductivity and pressure sensor history files were updated.
Notes from log book
2-46. Data have problems in line length plus errors in how the data was assigned to casts.
50. First cast with good con file.
191. Bottle at 400db for salinity.
239. 1.8Kn ebb tide.
299. Cruise moved to the RICKER but first cast cancelled because the pumps were not working.
Institute of Ocean Sciences
  CRUISE SUMMARY

	Cruise ID#:    2008-12

	Dates:   Start: 1 March 2008                   End: 24 March 2008

	Location: SoG/Puget Sound/JdeF/WCVI/Mainland Inlets

	Vessel:  Viking Storm

	Party Chief: Trudel M.


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

	1
	SEABIRD
	25
	0404
	No
	Yes



	
Calibration Information

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Pressure
	0573
	22May06
	Factory
	
	

	Temperature
	2374
	21Aug07
	Factory
	
	

	Conductivity
	1764
	11Oct07
	Factory
	
	

	Seapoint Fluorometer
	2845
	n/a
	n/a
	
	

	Transmissometer
	498DR
	3Oct07
	IOS
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