REVISION NOTICE TABLE

	DATE
	DESCRIPTION OF REVISION

	13-Jan-2014
	Added underway pCO2 data from Sophia Johannessen’s Excel files prepared for The Carbon Dioxide Information Analysis Center (CDIAC). The file is located in the cruise .DOC directory.

	5-Jun-2013
	Added Iron profile files with cast numbers 8xxx from Keith Johnson’s spreadsheet file which can be found in the cruise .DOC directory.

	20-Feb-2012
	Added nine productivity casts, (9001-9009), containing Primary Productivity, Chlorophyll, POC and PON, from Frank Whitney’s Productivity spreadsheet.

	24-Mar-2005
	Chlorophyll corrections made. See note below.

	21-Dec-2004
	Recalibration based on post-cruise calibrations. See note below.

	3-Apr-2003
	Bottle cast 17 and new loop file added to the archive. See note below.

	4-Mar-2003
	Loop data added to archive.

	17-Jan-2003
	Bottle data added to the archive. See note below.


PROCESSING NOTES
Cruise: 2002-30

Agency: IOS, Ocean Science and Productivity, Sidney, B.C.

Location: NE Pacific

Project: Line P/Line R/ Hecate Strait

Party Chief: Whitney, F.

Platform: John P. Tully

Date:  24 August 2002 – 16 September 2002

Processed by: Germaine Gatien

Date of Processing: 5 November 2002 – 29 November 2002

Number of original CTD casts: 79

Number of CTD casts processed: 74

INSTRUMENT SUMMARY
A SeaBird Model SBE 911+ CTD (#0550) was mounted with Transmissometer 498DR, PAR sensor #4601 and Seapoint Fluorometer S/N #2229 with a 10X cable. The deck unit was S/N 0508. The fluorometer was mounted on the secondary pump. 

SUMMARY OF QUALITY AND CONCERNS
There are some doubts about the salinity calibration due to problems with the collection of samples. Confirmation of the results was found in the bottle comparison of 2002-32 (not many bottles) and some ARGO float data which was available near a few casts.  

The salinity was noisy in regions of very large temperature gradient. Spikes that remain after alignment  suggest problems in the flow rate. Editing and metre-averaging should minimize the effect on data quality. The worst problems were between 25 and 60db. Below 100db such spiking was not common.

Given these problems with salinity noise and calibration, it is suggested that the data be considered +/- 0.01 in the thermocline, but on the order of +/-0.004 below the thermocline.

There were many errors in headers largely due to the failures in the GPS download. Checks against the ship’s positions show no large discrepancies.

The descent rate was extremely noisy for some casts, but since the average rate was usually very high the number of shed wakes was minimized.

PROCESSING SUMMARY
1. Seasave

This step was completed at sea; the raw data files have extension DAT.

2. Preliminary Steps

The Log Book was obtained. 

Salinity calibration data was obtained. The cruise summary sheet was completed. 

The configuration files were obtained and the calibration constants were checked. The calibration date and parameters given for the transmissometer do not agree with those on file at IOS. The con file indicates that a calibration was done the day before sailing, so it is possible that in the confusion the record was lost. A test will be done to see if it is obvious which is correct. The sensor history was found. There was no information on use since the last calibration.

3. Conversion of Raw Data

The raw data was converted using configuration file 0550CTD.con.

A test cast was done using configuration file 0550TEST.con with just the transmissivity changed to the calibration constants of April 6, 2002. The deep transmissivity values from the two calibrations are about 88.9% and 89.4% with the newer values giving the higher readings. There is no significant difference in shape. The value in the con file used at sea will be used for this data set. It seems likely that a recalibration was done and the record lost in the rush of preparing to go to sea.

A preliminary check shows all expected channels present; PAR was not used on all casts.

The temperature and conductivity traces track reasonably well and up and downcasts are similar.

4. WILDEDIT

Program WILDEDIT was used to remove spikes in the pressure channel only.  Parameters used were: 
Pass 1    Std Dev = 2

Pass 2    Std Dev = 5

Points per block = 50

5. CELLTM

Tests were run on casts #20 and 71 to find the optimal parameter choice for CELLTM. Runs using (0.02,7), (0.02,9), (0.03,7) and (0.03,9) were used for (alpha, 1/beta). The best choice was clearly (0.02,7) for both pairs of sensors. CELLTM was run on all casts using those parameters.

6. DERIVE

Program DERIVE was run twice: 

on all casts to calculate primary and secondary salinity.

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

Three deep casts (#16, 50 and 90) were plotted to check for agreement between the pairs of T and C sensors. All expected channels were present. There is a PAR channel for every cast, but it was not always mounted; files will be checked later and the channel removed where there is no data.

	Cast #
	Max. Press
	T1-T0 
	C1-C0
	S1-S0
	Descent Rate

	16
	1500
	~0 
	~0.00012
	~0.0013
	Noisy, high

	50
	1500
	~0.0001
	~0.00008
	~0.001
	Extremely noisy, very high

	90
	1500
	~0.0002
	~0.00012
	~0.001
	Noisy, very high


One very deep cast (#31-3700db) was checked for evidence of depth-dependence in differences and none was noted. 

The dark values for the fluorometer were on the order of 0.14 μg/l. 

8. Conversion to IOS Headers

The IOSSHELL routine was used to convert SEA-Bird 911+ data to IOS Headers. Because the event numbers were missing the files were put through CLEAN early, using the last 4 digits of the file names as event numbers and replacing pad values in pressure with interpolated values.

Casts #45-46, 54–81 and #83-105 are missing positions in the headers. A text editor was used to insert this information using the entries in the log book.

The ROS files were converted to IOS files and put through CLEAN to add event numbers only. The extensions were then changed to BOT.  The LAT/LONG information was added to those files.

9. Checking Headers

A header summary and a header check were produced.

There were many errors in positions and times largely due to a NMEA failure.

The years are wrong in the dates for casts #1 to 44 (1999); this is a problem that has occurred recently on another cruise. 

The times are local for casts #45-46 and #54 to the end. Many of the times are also a little different from the times in the log. There is a note that the computer time was reset at one point. Where the times differ from the log times by more than 10 minutes they were edited to agree with the log.

When the years were correct the time zones were not and vice versa, so every cast had some problems with time.

There were also a few errors in station names.

All the CLN files were copied to *.ATC. Then the Add Time Channel routine was used to add 7 hours to the times in the CLN files of casts #45-46 and #54 to the end. Thus all the ATC files should have the correct time zone.

The ATC files were then edited to fix all errors except the year; that will have to be changed at the end of the processing job.

Three casts were found to contain no useful data and were not processed further: 2, 85 and 126. See the particulars section for details.

Since casts #17 & 46 contains only upcast data (continuation of file #45) only the bottle files will be processed further.

After all the corrections were made the header summary and header check were rerun.

The same corrections had to be made to the bottle files as well; the corrected files were named *.ATC.

The cruise track was plotted and looked reasonable.

The average surface pressure is 2.1db. Mixed layer depth was calculated using a reference pressure of 7db and maximum variation in the primary salinity of 0.002. This was done to identify casts that are very well-mixed in the upper 20db and hence suitable for calibration of the salinity. The following casts may be useful for this purpose: 3,31,44,49,50,71,79,86. There was a lot of noise in some of the near-surface bottles so care should be used in identifying which ones are reliable. Unfortunately the ones gathered in the more protected waters towards the end of the cruise do not have well-developed surface mixed layers.

10. Test Plots

All casts were plotted and checked for evidence of processing and/or instrumental problems. 

Cast #2 is very strange and is presumed to have been a test cast though there is no note to that effect in the daily log. It will be deleted since there is a good CTD cast from this site (2002-30-0001). 

Cast #29 was a full rosette cast followed by a return to 48db where more bottles were fired. Transmissivity below 500db has values of about 63.5% and shows no evidence of significant pressure effects.

11. SHIFT

The deck unit was one of the newer ones that aligns both primary and secondary conductivity channels by +0.073s. The IOS SHELL routine SHIFT was used to fine-tune the alignment. 

An initial test was run on a section of cast #16 using shifts of -0.4, -0.2, 0.0 +0.2 and +0.4 records for the primary conductivity. The results were examined in T-S space to see how well spikes in salinity were removed. The best results were at the low end of those values, so further settings were tried between –0.3 and –0.7 records and the best overall results obtained with –0.4 records. A section of cast #71 was also tested and similar results found.

Next, tests were run on the secondary conductivity and the best results were with –0.8 records.

All casts were put through two runs of SHIFT applying –0.4 records to the primary conductivity and –0.8 to the secondary.

12. DELETE

The following DELETE parameters were used: 

 
Surface Record Removal: Last Press Min and Low Salt 

   
Maximum Surface Pressure (relative): 10.00


Minimum Salinity: 10   
Pressure Tolerance: 1.0

Pressure filtered over 15 points

 
Swells deleted. Warning message if pressure difference of 2.00

 
Drop rates < 0.3m/s (calculated over 11 points) was deleted.

 
Sample interval =  .042 seconds.

COMMENTS ON WARNINGS: The only warning concerned a cast with only upcast data.

A comparison was made of the maximum pressures before and after running DELETE to ensure that a large amount of data was not lost at the bottom as sometimes occurs due to misinterpretation of pressure spikes. An average of 0.16db of data was lost with no more than 1db lost at any station. (See 2230delete_study.csv in the processing section of the full report.)

13. COMPARE

The ATC files were examined for errors; there is a lot of noise in the salinity channels particularly close to the surface; casts 29 and 51 were notably noisy down to 50db. CTDEDIT was used to clean a few large spikes in secondary salinity in casts #6, 22 and 88 and to remove bad records from the end of cast #16. Those four ED1 files were copied to *.ATC, so that all the ATC files are cleaned, headers corrected and edited as necessary.

A problem arose with the data from the casts that were split. There were only surface salinity data for casts 45/46 so that was not a problem. But casts 16 & 17 each contain data that was found in 16.sal. A text editor was used to merge 16.sam and 17.sam. The merged file was put through CLEAN and then renamed 16.SAM. 

COMPARE was run. Most of the deep salinity samples were deemed of doubtful quality by technicians who ran the salinity analysis. Even ignoring those samples the scatter is very large at depth and a suspicion arises that other samples may be of low quality as well. Averaging the points in the fit from 200db down, the CTD reads high by 0.0028psu for the primary and by 0.0040psu for the secondary. 

Surface comparison – There are some stations with a mixed layer deep enough to use surface bottle samples for calibration, but for all but two of these the quality of the bottle samples is considered low. For those two casts (#81 and #86) the primary salinity is higher than the bottle by 0.0020psu and 0.0033psu and the secondary is higher by 0.0044psu and 0.0041psu. These results are consistent with the results of the deep comparison. (See 2230comp.xls.)

14. Other comparisons

Previous experience with these sensors – The only data that has been processed that used these sensors since the latest calibration is from 2002-32, the cruise that immediately followed this one. There are some problems with the bottle data, though not as much as for 2002-30. There were not a lot of deep casts and there is a lot of scatter in the results, but on average the primary salinity was found to be high by 0.0051psu and the secondary by 0.0077psu.

Historic ranges – All salinities fit within the historic ranges. Temperatures fell below the historic minima in shallow water near the shelf break; a cold intrusion has been noted by many observers in such regions in 2002. It fell above the historic maxima at P04 (600-1000db) and near the maxima for P05 and P06 at those levels. Given the oddness of conditions near the shelf this year, this is more likely to be real than a sign of instrumental problems.

Argo float comparison – Three Argo floats were launched during 2002-30 and CTD casts were run near the launch sites. After 10 days the floats returned to the surface and reported data. Using the data from these ARGO casts and the corresponding CTD casts, we can compare the salinity at depth. In the following table the distance refers to how far the float was from the CTD cast when it surfaced and reported for the first time. The average differences are found by subtracting the ARGO salinity from the primary (S0) and secondary (S1) salinity from the CTD meter-averaged data.

	Line P cast #
	Line P stn. Name
	Argo float #
	Distance 
	Avg diff S0
	Avg diff S1

	57
	P26
	4900243
	9km
	.018 (500-2000db)

.006 (1500-2000db)
	.019 (500-2000db)

.007 (1500-2000db)

	62*
	ED1
	4900244
	36km
	~.02 (1000-1500)
	

	79
	R16
	4900246
	7km
	.003 (500-1500db)
	.004 (500-1500db)


*Because the float was so far from ED1 and the differences quite large, only a cursory inspection was made of this pairing. 

It is expected that the calibration will be good from the ARGO floats. Normally we would use Line P to validate the calibration of the floats, but on this occasion the situation is reversed. The comparison for casts #57 and 79 is in reasonable agreement with the results of COMPARE suggesting that the CTD is reading high. 

15. DETAILED EDITING

The primary sensors were chosen for further processing.

Page plots were produced using T0,S0. These plots were examined for spikes and instabilities and used to guide the use of CTDEDIT. Where unstable features were clearly due to shed wakes the data was removed. Salinity was cleaned where large spikes occurred. Small spikes (mostly “overshoots” in large T gradient areas) were cleaned only if it was clear they were due to imperfect alignment of T and C. The spikes were largely left unedited if it appeared that metre-averaging would have the same effect; otherwise an attempt was made to smooth salinity. There were a lot of very small spikes in salinity in regions of large temperature gradients; many of the spikes were bi-polar suggesting flow-rate problems.

The descent rate was frequently extremely noisy, but the average was generally very high minimizing the effects of shed wakes. A study was made of the effect of increasing descent rate from an average of about 1m/s to 1.5m/s when the descent rate is noisy, as was the case for casts #44 and 45. Conditions appear to have been slightly worse during cast #45, but the average descent rate was higher (~1.5). About 10 times as much data was lost from cast #44 as from #45 in the editing process. No data was removed from the surface of cast #44, so that does not explain the difference. Because there was a lower average descent rate, there was in fact more data in the final file for cast #44, but significant gaps. This is a trade-off. It seems that in heavy seas the choice of the high descent rate is advantageous, but in lighter seas one might want to go for more data.

The salinity was very noisy in the thermocline, especially for the offshore casts where the temperature gradient was very high between 25 and 60db. There was no apparent relationship to descent rate. Such spiking after alignment is generally considered symptomatic of flow-rate problems.

All casts required editing.

Note was made of the editing details in the relevant files. 

16. SPECIAL FLUOROMETER PROCESSING

At this point a set of edited files with data from the top 100db only was created using the IOSSHELL routine CLIP. 

For the data to go into the archives a median filter, size 11, was applied to the Fluorometer:Seapoint channel to reduce spikiness. A few plots were checked before and after this step and the filter was found to be effective in removing spikes without oversmoothing. 

17. BIN AVERAGE

The following Bin Average values were applied to the edited, filtered files:

Bin channel = pressure



Averaging interval = 1.000
Minimum bin value =   .000

Average value will be used.
Interpolated values are NOT used for empty bins.

The same values were used for the BOT files except that the Bin Channel = Bottle Number.

After averaging, page plots were examined on screen and no further editing was deemed necessary.

18. Recalibration

All methods of comparison indicate that the CTD salinity is high, but by how much? For the primary sensors the values range from +0.0020 from the closest ARGO float comparison and from one of the shallow bottles, up to +0.006 for the other ARGO float. The deep bottles from this cruise give +0.0028, and from 2002-32 we have +0.0051. The other shallow bottle in well-mixed surface water gives +0.0033. The values from the deep bottles will be used despite the scatter and problems in sampling since they are within the range of other observations and agree reasonably well with the shallow bottles; together these are probably the best source of comparison, but there is an uncertainty of about ±0.002psu. 

While the average surface pressure test does not suggest a problem with the pressure calibration, there are some negative pressures for the last bottle in cast #102. Checking the end of the upcast in the full CTD cast files I found pressures as low as –0.5db, in cast #102 and for some other casts. The transmissivity is very close to zero for these pressures, so it is likely that the CTD was right at the surface, or even out of the water very briefly, for at most a second. The conductivity is non-zero, but for a very brief time out of water this may be possible because of the pumping.  It seems likely that the pressures are correct or within 1db of correct. Recalibration will not be done. 

File 2230rcal.ccf was created to recalibrate the primary salinity by subtracting 0.0028. The averaged CTD files, averaged bottle files, and the BOT files and CLP files were recalibrated. The latter two sets of corrected files were set aside for Angelica Pena.

COMPARE was rerun to check that the recalibration was done correctly; using the same points used in the original comparison, the average difference after recalibration is 0.00003units. (See 2230com2.xls.)

19. Final Plots

THIN and DERIVE were run to obtain values for tables and page plots were prepared using the edited data.
20. REMOVE, REORDER and EDIT HEADERS

The following channels were removed from all CTD casts: Scan_Number, Temperature:Secondary, Salinity:T1:C1, Conductivity:Primary, Conductivity:Secondary and Flag.

The PAR channel was removed from casts 8-21, 24-28, 31-41, 44-51, 57-135

The channels were reordered and formats corrected as needed. 

The Standard Check routine was run and problems fixed.

The final files were named CTD and RAC.

21. Producing final files

A cross-reference listing was produced.

As a final check on positions and times of casts, the header entries were compared with the position data file from the ship’s system (2002-30-positions.txt). A number of minor discrepancies corresponding to a time error of less than 10 minutes were found. Two casts had differences that could be accounted for by assuming the time was wrong by 10 and 17 minutes each. No correction was made since it is not clear whether the error is in time or position, and the errors are relatively small. Not all times were available in the ship’s file.

The sensor history was updated.
Particulars 

2 – Cast full of spikes & where no spikes occur the channels differ greatly. Repeat of Cast #1. DELETE

17 - This file contains only upcast data; it is the continuation of cast #16. The bottle file was processed but the CTD file was not. 

29 – Regular rosette cast followed by return to 48db for more bottles.

46 – This file contains only upcast data; it is the continuation of cast #45. The bottle file was processed but the CTD file was not.

85 – Go-flo cast. Only surface data. DELETE 

102 – Surface bottle has pressures <0; CTD probably moved in and out of water during stop.

106 – NAV test. No useful data. DELETE
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CRUISE SUMMARY

	Cruise ID#:    2002-30

	Dates:   Start: 24 August 2002                   End: 16 September 2002

	Location: NE PACIFIC

	Vessel:   John P.TULLY

	Party Chief: Whitney, Frank


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

	1
	SEABIRD
	911+
	0550
	Yes
	Yes
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CTD Calibration Information

Make/Model/Serial#:
SEABIRD/911+/
0550



Cruise ID#:

2002-30


	Calibration Information

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature
	2371
	16/04/02
	Factory
	
	

	Conductivity
	2399
	16/04/02
	“
	
	

	Secondary Temp.
	2663
	18/04/02
	“
	
	

	Secondary Cond.
	2424
	16/04/02
	“
	
	

	Fluorometer –pumped
	2229
	
	IOS
	
	

	Transmissometer
	498DR
	08/23/02
	IOS
	
	

	Pressure Sensor
	75636
	14/06/99
	Factory
	
	


January 17, 2003 – Joe Linguanti

For 13 chemistry files the bottle salinity was removed due to incorrect calibration of the salinometer. These casts were 4,8,13,14,15,24,26,27,28,31,34,35 and 36. 

Files not containing any bottle data were not archived. These casts were 6,13,14,15,22,24,26,27,28,29,31,34,35,36,43,54,61 and 77.

April 3,2003 – Joe Linguanti

· Bottle cast 17 was processed and added to archive since it had been missed during initial processing. 

· The loop file given to me by Bernard was replaced with one given to me by Frank. I added two new columns to Frank’s spreadsheet, Sample_Method and Pressure. The latitude and longitude values were computed to 3 decimal places. The spreadsheet file was then converted to IOS Header format with meta-data added to it. The original .XLS and modified .CSV files are in the DOC directory. Bernard’s original loop file is in the HISTORY directory.
Dec. 21, 2004 – Germaine Gatien

Based on a post-cruise calibration file 2002-30-recal2.ccf was used to recalibrate the primary salinity in the CTD and CHE files by adding 0.0032psu. It was assumed that the drift was linear with time.

March 24, 2005
Frank Whitney’s email to Stephanie King;

The chlorophyll data collected on this cruise was apparently recalculated, based on a better calibration of our fluorometer.  The corrected data appears to have been mostly entered into the hyd file but not the loop file.  Attached are corrected files.  I apologize for any problems this may have caused with your satellite work.  Our problem is that we don't have the time to review our data when we return from sea. 

Joe Linguanti’s comments;

Only 2 chlorophyll values, samples 11 and 12 from cast 1, from Frank’s HYD spreadsheet file were different then the values in the CHE values. These values were changed in the CHE file using a text editor.

Most of the chlorophyll values in the archived loop file were different then Frank’s Loop spreadsheet file. The corrections in the archive loop files were made using a text editor. 

