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PROCESSING NOTES
Cruise: 2002-22
Agency: IOS, Ocean Science and Productivity, Sidney, B.C.

Location: Nome to Dutch Harbour, Alaska
Project: Joint Western Arctic Climate Study
Party Chief: Bon van Hardenberg
Platform: Sir Wilfrid Laurier
Date: 5 October 2002 –17 October 2002

Processed by: Germaine Gatien

Date of Processing: 5 May 2003 – 12 May 2003

Number of original CTD casts: 1 SBE 911+, 21 SBE 25 
Number of casts processed:   22
INSTRUMENT SUMMARY
A SeaBird Model SBE 911+ CTD (#0443) was mounted with Transmissometer 139, SBE 43 Dissolved Oxygen Sensor S/N #0052 and Seapoint Fluorometer S/N #2336 with a 30X cable. The deck unit was an SBE-11, S/N 0424. The oxygen sensor was mounted on the secondary pump. The fluorometer was unpumped. 

A SeaBird Model SBE-25 CTD (#0293) was run with two different pressure sensors (#0464 and #0436) and an SBE-33 deck unit #0058
SUMMARY OF QUALITY AND CONCERNS
SBE 911+

There was only one station using the SBE 911+ so it was processed using the same steps as for 2002-21 and 2002-23. The file included two full casts – the first at low speed, the second at about 1m/s. The latter was selected for the archive.
From previous cruises it is known that the primary conductivity cell was cracked.

Fluorescence:URU:Seapoint – The data are nominal and unedited and offscale in the top 35m.
Oxygen:Dissolved:SBE – The quality of this data is limited by poor time-response and by limited calibration information for this instrument.
The anticipated errors in oxygen are ±0.4 ml/l.
SBE 25

The pressure sensor used for cast #22 is considered ±7db. For the other casts the pressure is ±1db.

Most of the data from above 200db was collected at a very slow descent rate. Below 200db the average descent rate is high but generally very noisy.

There was no salinity calibration sampling. The post-cruise calibration shows a drift of less than 0.001psu. Uncertainties in salinity arise from variable descent rates, imperfect alignment and limitations in the response of the sensors and uncertainties in pressure. The salinity is considered ±0.005psu for all casts except for cast #22 which is considered ±0.01psu.
PROCESSING SUMMARY- SBE 911+
1. Seasave

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

2. Preliminary Steps

The Log Book was obtained.
The file names were changed to standard format. 

There was only one cast; it was a rosette cast but there were no salinity samples.
The cruise summary sheet was completed. 

The configuration file was obtained and the calibration constants were checked. 
As during 2002-23 the calibration co-eficients for transmissometer #139 in the configuration file used at sea are not the ones on file at IOS, and differ from those used during 2002-20. The date given for the calibration is 20 June 2002. During the processing of 2002-23 test conversions were done to decide which calibrations were correct. The ones in the con files used at sea give maxima above that possible for distilled water. So the calibrations were changed to those on file for a calibration done in 23 April 2001.
3. Conversion of Raw Data

File 2002-22-0005 was converted using con file 2002-22-0005.con. All expected channels were present. There were two complete downcasts, the first being at a very low descent rate; the second, at about 1m/s. 
4. WILDEDIT

Program WILDEDIT was run to remove spikes in the pressure and conductivity channels. 

Parameters used were: 

Pass 1    
Std Dev = 2 
Pass 2
Std Dev = 5
Points per block = 5

5. ALIGNCTD

ALIGNCTD was used to advance the secondary conductivity by +0.073s since this deck unit advances only the primary sensor. Fine-tuning of the alignment will be done using SHIFT later in the processing.

6. CELLTM

For the other Arctic cruises the parameters chosen for this step were (0.03,9). However, for this cast there are very unusual conditions with a very sharp interface and high descent rate. CELLTM was run using (0.02,7) for the secondary sensor since it produced the best results.
7. DERIVE

Program DERIVE was run to calculate primary and secondary salinity. 
9. Conversion to IOS Headers

The IOSSHELL routine was used to convert SEA-Bird 911+ data to IOS Headers. 

The rosette file was also converted.

10. Checking Headers

The headers were examined and the position and time agree with the log and the format looks fine.

11. Test Plots

The cast was plotted and checked for evidence of problems with the processing or instruments. There is a lot of noise on the interface between 2 distinct layers. Also since there are two casts at different descent rates the plots are messy. At this point a text editor was used to create two casts. The original file was renamed 2002-22-0005.ORG. The first downcast was named 2002-22-9905.ios and the second 2002-22-0005.ios. CLEAN was used to reset the headers for these the two *.IOS files and to replace pad values in the pressure channel by interpolation based on scan number. 
The two plots were examined to see which provided the best data. As expected, the first downcast provides more believable oxygen from the downcast, although there is no calibration information to confirm this. However, the sudden temperature and conductivity change is resolved much better in the second cast. Only the 2nd cast will be processed beyond this point.
Transmissivity values are about 20% in the upper layer and about 30% in the lower layer with up and downcasts very similar. 

Fluorometer values are odd in the upper layer, almost constant and ~ 5(g/l. This indicates that the choice of 30X gain was inappropriate and the values went off-scale. In the lower level there is some variability and values about 0.7(g/l. The upcast and downcast are very similar.
The dissolved oxygen trace has a fairly slow time-response as noted during other cruises using SBE 43 sensors.
12. COMPARE

The results of salinity and oxygen calibration analysis during other JWACS cruises will be applied to this cast. The documentation describing this is available in the DOC folder in the archive for this cruise.
13. SHIFT

The secondary conductivity was shifted by –0.6 records. 

Based on the results from other 2002 cruises using this equipment the dissolved oxygen channel was shifted by +150 records. 

14. DELETE

CALIBRATE was run on the CTD and bottle files using file JWACS-pr-cal.ccf to add 0.8db to the pressure so that surface data will not be lost in DELETE. This was based on the results of other JWACS cruises in 2002.
CLEAN was run to replace pad values in pressure with interpolated values.

The following DELETE parameters were used: 

 
Surface Record Removal: Last Press Min 

   
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 between 10db and 10db above thte maximum pressure.

 
Sample interval =  .042 seconds (taken from header)

There were no warnings. 

15. DETAILED EDITING

The secondary sensors were chosen based on calibration studies described in JWACS-2002-sal-calibration.doc. 

A page plot was produced using T1,S1. 

The cast was in an area of two well-mixed layers with a very sharp interface. The change in temperature is large (about 5 Cº), but the salinity changes are very small (~0.01). This is a big challenge for a CTD and while it resolved the temperature and conductivity well, calculating the salinity requires such a perfect match that it is impossible to achieve. The errors in salinity at the interface are ~0.03 units.
To guide the editing of this cast the upcast and downcast were studied in detail near the interface.

Just above the interface temperature and salinity appear to increase slightly; this is confirmed by the upcast so will be left unedited. Below the interface there is a well-mixed layer with salinity slightly lower than that of the upper layer. The upcast shows that this well-mixed state is achieved immediately below the interface. Across the interface the CTD downcast salinity spikes low then takes several metres to return to the value that the upcast suggests is right for the lower layer. This spike and gradual return to correct values was adjusted using CTDEDIT.

CTDEDIT was used to remove the fluorescence data from the top layer because it was off-scale.
16. BIN AVERAGE

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

Bin channel = pressure

Averaging interval = 0.250
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 and averaging interval =1.

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

17. Other comparisons

Previous experience with these sensors: The same sensors were used during 2002-20, 2002-21 and 2002-23 which preceded this one.

Historic ranges – The only climatology available was averaged over Marsden squares so the ranges are very large at these depths. The data fell within those ranges.
Post-cruise calibration - There was a post-cruise calibration showing the following drifts:

primary conductivity  
+0.0006 units

secondary conductivity 
+0.0001

primary temperature 
+0.00047 (C/yr

secondary temperature 
+0.00102 (C/yr

There is no net effect on secondary salinity but the primary salinity should be low by 0.007 at the time of the post-cruise calibration. This is close to what was found in COMPARE for the other JWACS cruises so it appears that the drift mostly occurred before this cruise.

Comparisons of nearby sites: None available using the same equipment. 
Comparison with SBE25: See the processing of the SBE25 casts for a comparison with cast #6.
18. Recalibration

See the document JWACS-2002-sal-calibration.doc for an analysis of salinity calibration information from 2002-20, 2002-23 and 2002-21. Based on this analysis the secondary salinity will be archived and will not be recalibrated.

See the document JWACS-2002-DOX-calibration.doc for an analysis of the dissolved oxygen calibration information from 2002-20, 2002-23 and 2002-21. Based on this analysis the dissolved oxygen data will be recalibrated using the results of cruise 2002-23. The rosette files (BOT) will only be recalibrated using 2223rcal1.ccf since they are not subject to the time-response problem. The CTD files will be recalibrated using 2223rcal1.ccf and 2223rcal2.ccf.

The fluorescence data will be not be recalibrated.

The surface pressure (as judged by upcast conductivity) was recalibrated earlier.

19. REMOVE

The following channels were removed from the final bottle and CTD cast: Scan_Number, Temperature:Primary, Salinity:T0:C0, Conductivity:Primary, Conductivity:Secondary, Descent Rate, Status:Pump and Flag.  
20. HEADER EDIT
The channels were reordered and formats corrected as needed. 

The following note was added to the header of the CTD file (not the RAC file):

Transmissivity: The data are unedited.

Fluorescence:URU:Seapoint – The data are nominal. The data was removed from this channel for the upper layer because the values were off-scale, greater than 5(g/l.
Oxygen:Dissolved:SBE – This channel was processed by shifting +150 records with respect to pressure before removal of any records. Recalibration was done in two steps, using files 2223rcal1.ccf and 2223rcal2.ccf as described in the REMARKS section of the header. The anticipated errors in oxygen are ±0.4 ml/l.
This file included two full casts. A text editor was used to remove records #1-12216 so that the downcast with the higher descent rate would be selected for the archive.
The final files were named CTD and RAC.
The Standard Check routine was run and no errors found.
21. Final Plots

THIN and DERIVE were run to obtain values for tables and a page plot was prepared using the edited data. A profile plot of temperature, transmissivity, dissolved oxygen and fluorescence was prepared.
22. Producing final files

A cross-reference listing will be produced with the SBE 25 casts.
PROCESSING SUMMARY- SBE 25+
Most casts include sections done with a low descent-rate followed by a high descent-rate section. Editing will be done to ensure the highest quality data goes into the archive.
The method followed is the one developed for the arctic cruises of 2001 with a few adaptations for the different sampling techniques.

1. Seasave - This step was completed at sea; the raw data files have extension HEX.

2. Preliminary Steps
The Daily Log was obtained. There was no sensor calibration data. The cruise summary sheet was completed. 

Configuration files were obtained and the calibration constants were checked. 

There was a change of pressure sensor so two configuration files will be required.

Casts #29-31 of 2001-21 had a different offset entered for the oxygen sensor but no reason was found for this so the information in those con files was ignored.

The fluorometer gain is unknown. The data will be converted assuming 30X gain and checked later.

3. Conversion of Raw Data
There were pre- and post-cruise calibrations for this CTD. The drift in the temperature sensor was on the order of 0.00005 Cº and the drift in conductivity is given as 0 in the calibration spreadsheet. The resulting error in salinity is much less than 0.001units of salinity. 
The calibration of pressure sensor #464 could not be found on file, but it is reasonably close to the post-cruise calibration.
The data was converted using the following configuration files:

2002-22-0007.con for casts #1-21 (shallow pressure sensor #464)
2002-22-0022.con for cast #22 (deep pressure sensor #436)
The files from casts 1-4, 5 and 6 had to be edited to make the sensor numbers agree with the configuration file. The first 2 digits of the pressure sensor numbers were missing in the files.

There were no rosette casts so only CNV files were created. There were no external sensors on the SBE25.
After conversion the file names were changed to standard format.

The headers were edited to change the first line from SBE25 to SBE 25; the space is needed to convert to IOS headers. 
4. WILDEDIT

WILDEDIT was run on all casts on temperature and conductivity channels using 2,20,25,0 for “Standard deviations for pass 1” and “Standard deviations for pass 2”, scans per block and “Keep data within this distance of the mean”. 

5. WFILTER

Cosine filters were run on pressure (window size 5 for sensor #29-0442 and 25 for sensor #29-0436), temperature (window size 5) and conductivity (window size 5) based on the results of 2001 Arctic cruises which used an SBE25. Plots were made of casts #18 and 22 and the filter was found to have been effective on both types of pressure. Plots made of cast #18 confirm that the temperature and conductivity are also smoother after WFILTER without removing too much detail. 
6. CELLTM
Tests were run using CELLTM on casts #6, 10 and 14 because those represented different descent rates. For all three the best choice was α=0.03, 1/β=9. CELLTM was run on all casts using those parameters.
7. DERIVE

Program DERIVE was run to calculate salinity.
8.  Conversion to IOS Headers
The IOSSHELL routine was used to convert SEA-Bird 25 data to IOS Headers. 

CLEAN was run to add event numbers based on the last 4 digits of the file name and to replace pad values in the pressure using interpolation based on scan number.
9. Checking Headers
An error in the longitude entry for cast #20 was fixed.

The header summary was produced and checked. There were a few small errors in positions and station names. These were corrected to match the log book.

The header check was run and no errors found.
Track plots were produced and no errors found.
10. Test plots and text editing to choose best section
Plots were made to check for any problems with processing.
A number of files contained two full casts or a partial cast followed by a full one. The descent rate was usually low for the first and higher for the second. DELETE will choose the first downcast, so in order to ensure the best data is selected a text editor was used to remove the unwanted leading records.

Plots were made of descent rate vs scan number to aid the selection of the best downcast data. 

A text editor was used to remove the initial sections of all casts except #21 and #22. The edited files were then put through CLEAN to fix the headers. See the Particulars section at the end for details.
11. Pressure Study and recalibration
For cast #22, the only cast with the deep sensor, the conductivity goes from near 0 to ocean-like values when the pressure is about -10db. While the CTD soaked for about 2 minutes the pressure gradually increased; it appears to have equilibrated and reached about -3db. This is probably 2-4db below the surface so is compatible with a surface at -5 to -7db. On the upcast the conductivity indicates out of water values at -6.8db. 
The deep sensor (#436) was also used in 2001 when an offset of +6.4db was applied. That offset will be applied to this cast as well.
The shallow sensor (#464) has no history available. 

Using the point when conductivity goes from ocean-like values to near-zero values during the upcast the surface appears to be at about -0.7db.
There is a second means of checking the calibration since it was recalibrated in December 2002. The new calibration was applied to two casts and the pressures were compared at the beginning of the cast, near the bottom and at the end of the cast. The new pressures were higher by about 0.47db at the surface and +0.6 at about 450db. An offset of +0.5db will be applied to all casts.
The pressure was recalibrated by adding 0.5db to the casts using the shallow sensor and 6.4db to those using the deep sensor. (File 2002-22-Press.ccf )
12. SHIFT
Cast #6 (fast) and #10 (SLOW) and 14(mix) were selected to study alignment. First a blown-up profile plot was examined which suggested a shift of conductivity relative to temperature on the order of +1 record. Tests were run using values of 0 to +2 and the results examined on a T-S curve after removal of the upcast data; the aim is to minimize instabilities without oversmoothing. The best results were found by advancing the conductivity by about 0.3 records.
SHIFT was run on all casts advancing the conductivity by +0.3 records.
13. DELETE
DELETE was run on all casts using the following parameters: 

Surface Record Removal: Last Press Min

Maximum Surface Pressure (relative): 20.00

Surface Swell Pressure Tolerance: 1.0

Swells deleted. Warning message if pressure difference of 2.00

Drop rates < 0.3m/s (calculated over 9 points) was deleted from 10db to 10db above the maximum pressure.
 Sample interval taken from the header
COMMENTS ON WARNINGS: The only warning was for cast #4 and referred to near-surface, upcast records.
There were a number of casts with a very low descent rate for all or part of the cast. DELETE removed many records from such casts. Relaxing the parameters in DELETE might be appropriate if the descent rate was quiet, but it was, in fact, very noisy.
All DEL files were copied to EDT files.

14. DETAILED EDITING

Page plots were produced and examined for spikes and instabilities and used to guide the use of CTDEDIT.  
CTDEDIT was used to clean noise in S and T. Records were removed that appeared to be corrupted by shed wakes or overturning caused by the presence of the ship. Near-surface records were removed where the values were unstable. Salinity was cleaned where there were spikes or “overshoots” suspected to be due to misalignment of T and C. Most casts were in a region of active mixing and there were many instabilities that looked like they might be real interleaving features; these were left unedited.
The following casts were edited extensively: 1-4, 9 and 10. The other casts were mostly in areas of active mixing and could only be edited lightly.
Note was made of the editing details in the relevant files. 
The edited files were copied to EDT files.
15. BIN AVERAGE
The following Bin Average values were used for EDT files:

Bin channel = pressure

Averaging interval = 0.25
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.

16. Intercomparisons
Sensor History – Only the deep pressure sensor has been used for other cruises.
COMPARE – No calibration sampling was done.
Historic ranges – The only climatology available for the region comes from the World Ocean Data Base arranged in Marsden squares; such ranges are only useful for deep casts. Casts #21 and 22 were deep and the results all fall within the ranges except for cast #22 from 60 to 90db where the temperatures were high by about 0.3Cº. Given the possible errors in pressure this may not be significant. However, the values are at least near the historical maximum. High near-surface temperatures have been noted extensively in the Gulf of Alaska for 2002.

Comparison of nearby casts – There were many near-by casts but most are fairly shallow and in areas of active mixing so that differences cannot be assumed to be due to instrumental error. For example, casts #13 and 19 were very close and measured to 400m; they show differences on the order of 0.2 psu and 0.2 Cº. Is this a measure of the instrumental error or real differences?

The two deep casts at the end of the cruise sampled quiet waters. At depths greater than 1000m the differences between the two casts are, on the order of 0.0006psu and 0.005 Cº. The temperature difference is higher than expected at these depths, but the pressure sensors were different for these two casts; the errors in the sensor used for cast #22 probably account for a large part of the temperature difference. The salinity variation is very small so a pressure error would not affect it much.
Comparison of the two CTDs – The SeaBird 911+ was used only for cast #5. Cast #4 using the SBE25 was about 1.8 km away, so the two were compared. Unfortunately these two casts are shallow and contain two well-mixed layers with a sharp interface between. This is a great challenge to any CTD. Comparing the two casts on a T-S surface suggests large differences near the surface with the SBE 25 having higher temperature and salinity. At 60m the two are reasonably close though both are noisy, especially the SBE 25.
17. Recalibration
There were no calibration samples. SEABIRD reported that the drift in calibration between March 21, 2001 and December 31, 2002 was only +0.00003 degrC/yr and 0 psu/mo. No recalibration will be applied to temperature or salinity.
18. Final Plots
THIN and DERIVE were run to obtain values for tables and page plots were prepared using the edited data.

19. REMOVE
The following channels were removed from all casts: Conductivity:Primary, Descent Rate and Flag.  

20. HEADER EDIT
Header Edit was used to fix formats and channel names and to add the following note to the headers.


A text editor was used to remove an initial cast from this file so that the best data would be selected by DELETE.

There was no salinity calibration available but the post-cruise calibrations show very little drift from the previous calibrations. Salinity should be considered ±0.005psu.
For casts #21 and 22 the first part was not included since there were no initial sections removed.

For cast #22 the salinity error was stated as ±0.01psu and a note was added to indicate that the deep pressure sensor was used with an estimated error of ±7db.
21. Producing final files
a.) The final files were renamed CTD.

b.) A cross-reference listing was produced including cast 5 using the 911+.
Particulars

1-4. Two full casts: 1st slow, 2nd fast.

2,3,4,6. Station names missing; entered using Daily Log information.

6. Initial shallow cast followed by full cast with high descent rate. 

7-9. Two full casts: 1st slow, 2nd fast.

10. Initial shallow cast followed by full cast with extremely low descent rate.

11-19. Initial shallow cast followed by full cast with moderate descent rate to 200db and high descent rate below 200db.

20. Error in longitude entry. Corrected using Daily Log information.

20. Initial shallow cast followed by full cast with high descent rate.

21. Single cast at high descent rate.

22. Single cast at high but extremely noisy descent rate. Deep pressure sensor used for this cast only.
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CRUISE SUMMARY

	Cruise ID#:    2002-22

	Dates:   Start: 5 October 2002                   End: 17 October 2002

	Location: Nome to Dutch Harbour, Alaska

	Vessel:  Sir Wilfrid Laurier

	Party Chief: Bon van Hardenberg


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

	1
	SEABIRD
	911+
	0443
	Yes
	Yes

	2
	SEABIRD
	25
	0034
	No
	Yes



CTD CALIBRATION INFORMATION
Make/Model/Serial#:
SEABIRD/911+/
0443

Cruise ID#:

2002-22


	Calibration Information

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature
	4044
	15Feb02
	Factory
	
	

	Conductivity
	2232
	07Mar02
	“
	
	

	Secondary Temp.
	4109
	14Mar02
	“
	
	

	Secondary Cond.
	2676
	14Mar02
	“
	
	

	Fluorometer –pumped
	2336
	Aug01
	IOS
	
	

	Oxygen SBE43
	0052
	06Aug01
	Factory
	
	

	Transmissometer

	139
	23Apr01
	IOS
	
	

	Pressure Sensor
	63507
	11Jan96
	Factory
	
	


Make/Model/Serial#:
SEABIRD/SBE25/0293

Cruise ID#:

2002-22

	Calibration Information

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Pressure -1
	0464
	27Apr01**
	Factory
	27Dec02
	factory

	Pressure -2
	0436
	19Apr01**
	Factory
	?
	

	Temperature
	4115
	21Apr01
	Factory
	31/12/02
	Factory

	Conductivity
	2607
	21Apr01
	Factory
	31/12/02
	Factory


** calibration not on file
PAGE  
6

