REVISION NOTICE TABLE

	DATE
	DESCRIPTION OF REVISION

	15 April 2007
	Reprocessed data including fluorescence channel except for casts 17, 18, 19, 20, 23 and 48. See note at end.

	
	


PROCESSING NOTES
Cruise: 2002-16

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

Location: NE Pacific

Project: Line P/SOLAS-SERIES

Party Chief: Robert, M./Boyd,P.

Platform: John P. Tully

Date: 26 June 2002 – 26 July 2002

Processed by: Germaine Gatien

Date of Processing: 2 August 2002 – 1 October 2002

Number of original CTD casts: 91

Number of casts processed: 90

INSTRUMENT SUMMARY
A SeaBird Model SBE 911+ CTD (#0585) was mounted with Transmissometer 498DR, SBE 43 Dissolved Oxygen Sensor S/N #0047 and Seapoint Fluorometer S/N #2356 with a 10X cable. The deck unit was S/N 0619. The external sensors were all mounted on the secondary pump. 

SUMMARY OF QUALITY AND CONCERNS
The data was generally in good order. The average descent rate was high. 

There was a lot of noise in the salinity data, chiefly in the form of small bi-polar spikes suggestive of flow-rate problems. As the cruise progressed the noise became more severe. While metre-averaging will minimize the errors where they are small, the spikes can be large in the main thermocline where the salinity should be considered (0.01units. 

Problems were noted in previous uses of this CTD system in 2002, but they involved spikes in all pumped sensor data, most severe in the secondary channels. For this cruise the sensors were newly calibrated and the problems are not found in the temperature and conductivity channels, but in the mismatch of the two, producing bad salinity. This leads to the conclusion that the problem is with the pump or with the plumbing. Both the pump and the cable have been replaced since this cruise. 

The fluorometer channel contains zero values for large sections of many downcasts.

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. An error was found in the pressure calibration section; either the serial number is wrong or the calibrations are wrong. The calibrations are correct if the serial number is 77511, which it is believed to be. Configuration file 0585CTD.con was created with that serial number and all other details the same as the files created at sea. A check was made after conversion that the surface pressures are reasonable and the maximum pressures in agreement with the log book entries. No problems were found in the pressure data. 

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 0585CTD.con.

A preliminary check shows all expected channels present. The oxygen data has a poor time response as has been noted in other recent uses of the instrument. The quality is considered low and that channel will not be placed the archive.

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

4. STRIP

The salinity channel was stripped from the CNV files so that DERIVE doesn’t create a 2nd set of salinity channels. The bottle number channel was stripped from the CNV files.

5. 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

6. CELLTM

Tests were run on casts #4, 39, 57 and 93 to find the optimal parameter choice for CELLTM. Runs using (0.0245,9.5), (0.02,7), (0.02,9), (0.03,7), (0.03,9) and (0.025,7) were used for (alpha, 1/beta). The best choice was found to be (0.02,7) for the primary sensors and (0.03,7) for the secondary. CELLTM was run on all casts using those parameters.

7. ALIGNCTD

To avoid spikes in salinity it is important to align the conductivity to match temperature. This process has always been done using the SeaBird routine ALIGNCTD. The Seasoft plot package does not give T-S plots with density curves making it difficult to test the results. In future, it is intended that this step will be done using the IOS SHELL routine, SHIFT. At present this routine is not working properly so ALIGNCTD was used and then the test files were put through DERIVE to calculate salinity and converted to IOS SHELL files. They were put through FRACTURE to produce files with only downcast data and CLEAN and were then studied in multi-file T-S plots. Casts #4, 57 and 93 were selected for the test. 

The alignment settings tested were for 0.055s, 0.060s, 0.0065s, 0.0068s, 0.0073s and 0.0086s. It is possible to go too far in creating stability so the best setting was deemed to be the one closest to 0.073s that produces reasonably stable results. The factory setting is 0.073s. A check should also be made that the descent rate is reasonable in the area being studied; there is no point trying to correct spikes that are caused by shed wakes. This is only intended to correct for the effects of sharp temperature changes.

For this data set the best values were found to be from 0.060s to 0.065s; ALIGNCTD was run using –0.013s for both sets of sensors for a net advancement of 0.060s. 

8. 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.
9. Test Plots and Channel Check

Three deep casts (#15, 25 and 34) were plotted to check for agreement between the pairs of T and C sensors. All expected channels were present. The secondary conductivity and salinity are much noisier than the primary but the noise is small-scale and regular. The conductivity and salinity differences appeared to increase with time, but since the depths of the casts varied, each of the three casts were also examined at 1500db. At that depth there are no significant differences. So what at first appeared to be time-dependence is probably pressure-dependence. 

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

	15
	3000
	-0.0027
	+0.0001
	+0.0045
	High, not too noisy

	25
	4000
	-0.003
	+0.00015
	+0.0050
	High, not too noisy

	34
	4200
	-0.003
	+0.0002
	+0.0055
	High, fairly noisy

	15
	1500
	
	+0.0001
	+0.0038
	

	25
	1500
	
	+0.00008
	+0.0036
	

	34
	1500
	
	+0.0001
	+0.0042
	


The conductivity difference vs. pressure was examined for cast #34 and there is a clear relationship. 

A quick check of the fluorescence suggests that the values are higher than the chlorophyll from bottles. 

10. Conversion to IOS Headers

All header positions were missing hemispheres so these were added before conversion and there was no position entered for cast #2 so that was entered using the entry from the Daily Log Book. The longitude was corrected for cast #34 as the log mentioned the error.

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

The ROS files were converted to IOS files, and the extensions were changed to BOT.

11. Checking Headers

A header summary and a header check were produced. Many errors in headers (station names, positions, times) were found and corrected. Positions had to be entered by hand leading to more errors than usual.

The average surface pressure is 2.8db. Mixed layer depth was calculated using a reference pressure of 7db and maximum variation in the primary salinity of 0.002units. This was done to identify casts that are very well-mixed in the upper 15db and hence suitable for calibration of the salinity. 

The cruise track was plotted and looked reasonable.

12. Test Plots

All casts were plotted and checked for evidence of problems with the processing or instruments. There were a lot of spikes in both salinity channels, mostly during upcasts. The secondary channels look bad for large parts of the upcasts for casts #22 and 23. Cast #17 has bad noise in the downcast around 400db.

The dark value for the fluorescence is about 0.06ug/l.

Looking at a few casts in detail it seems that there are problems with flow rate and/or alignment that are most pronounced for the secondary sensors, but also can be seen in the primary. What appear to be alignment problems can be due to physical interference with the flow. The problem seems to be intermittent and is seen in sections in which the CTD was descending at a fairly steady and high rate. 

Casts #15 and 33 were examined closely in the 25-35db range. For cast #33 the pairs of temperature and conductivity traces are both separated vertically by up to 0.5db. At about 30db the primary temperature and conductivity decrease more rapidly than the secondary and the secondary salinity values are lower and unstable. The primary salinity is reasonably stable, but at 32db there is a spike in primary salinity at a sharp temperature gradient. For cast #15 in the same range the two traces are quite close except at 34-35db at which point the secondary T and C sensors see higher values as though a shed wake had hit them; however, the primary traces are quite smooth. The secondary salinity is very unstable while the primary is reasonably smooth. It is expected that sharp gradients in salinity will not be resolved as well as usual and require more editing. The primary is clearly better than the secondary.

Transmissivity below 500db has values of about 63% and shows no evidence of pressure effects with up- and downcasts similar.

For many casts the fluorometer did not work properly. There are large zones of zero values. The upcasts appear to be better. There is no note in the log about what went wrong.

13. DELETE

CLEAN was run to replace pad values in pressure with interpolated values.

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 cast #5 (less than 10m) and that cast should be deleted. 

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 0.2db of data was lost with no more than 1db lost at any station. (See delete_study.csv in the processing section of the full report.)

14. COMPARE

The BOT files were examined for errors; there is a lot of noise in the secondary salinity particularly close to the surface. Since the secondary salinity looks bad in general no attempt was made to clean the BOT files.

COMPARE was run. When only bottles from 200db downwards are included in the fit the primary salinity was found to be high by about 0.0015 and the secondary by 0.005 units. There is some evidence of time-dependence in both pairs of sensors and a small pressure-dependence. But there is a lot of scatter and the distribution of deep casts is concentrated in the first third of the cruise. 

To try to extend the study of time dependence it was decided to look at shallow bottles in any cast with a very well-mixed surface layer at least 14db deep, as identified in section 11 above. There were 20 such casts but salinity bottles at 10db were available for only 7 of them; of these, 3 had differences greater than 0.008 so were eliminated from the comparison. The average differences for the 4 casts that remain were +0.0015 and +0.0011 units for the primary and secondary salinity respectively. There is again a suggestion of time-dependence but once again all these casts are from the earlier part of the cruise. 

 (See 2216comp.xls and 2215surf.xls.)

15. DETAILED EDITING

The primary sensors were chosen for further processing because the secondary conductivity was noisy and appeared to have serious flow-rate problems. 

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. For this data such spikes were common as there appears to have been a problem with flow rate resulting in bi-polar spikes even in casts with an excellent decent rate. The spikes were largely left unedited if it appeared that metre-averaging would do as good a job. Otherwise an attempt was made to smooth salinity.

The descent rate was frequently extremely noisy, but the average was generally high minimizing the effects of shed wakes.

All casts required editing.

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

In future, if such noise in salinity is present it might be a good idea to try a median filter or the Advanced Despike routine on the data before using the graphical editor. A study was made of various methods of smoothing this data – advanced despiking, filtering, bin-averaging and CTDEDIT. The results of CTDEDIT looked a lot like the advanced despiked data. The median-filtered data looked reasonably good but it would probably be necessary to use variable parameters so that the data above 50db is filtered enough, but the deep data is not overfiltered. Also, there would still be a need to use CTDEDIT to get rid of some problems.

16. SPECIAL FLUOROMETER PROCESSING

The fluorometer data was bin-averaged with ¼m bins. The results were compared with the extracted chlorophyll from 10 casts provided by Frank Whitney. This data was considered provisional, subject to change. For the first cast the fluorometer compares well with the CHL-a, but for the others the fluorometer gives significantly higher values. This data will not be archived at this time; if on-going studies of calibration are successful the channel may be added to the archive later.

17. BIN AVERAGE

The following Bin Average values were applied to the edited 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. Other comparisons

Previous experience with these sensors – None of the sensors had been used since the latest calibration.

Historic ranges – All casts were compared with the historic ranges. All data below 2000db fell well within the ranges. A few casts (P10 and P16) had salinity slightly lower than the minima around 200db which fits other observations during the spring of 2002; these are not considered indicative of calibration problems. Temperatures at 1100db for station P14 were a little below the range; nearby casts had temperature very close to the minima at that depth as well. The temperatures above and below are comfortably within the range. It appears that the range may need revising as there is no other indication of problems with temperature.

19. Recalibration

After a brief examination to determine that the hysteresis problems remain it was decided not to process the oxygen data from the SBE 43 oxgyen data beyond the conversion stage. The data will not be archived at this time. So it was not recalibrated.

The fluorescence will not be archived at this time.

File 2216rcal.ccf was created to recalibrate the primary salinity by subtracting 0.0015units. 

COMPARE was rerun to check that the recalibration was done correctly; the average difference after recalibration is 0.0002units. (See 2216com2.xls.)

20. Final Plots

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

The following channels were removed from all CTD casts: Scan_Number, Temperature:Secondary, Salinity:T1:C1, Conductivity:Primary, Conductivity:Secondary, Oxygen:Dissolved:SBE, Chlorophyll:Fluorescence:Seapoint and Flag.  

The channels were reordered and formats corrected as needed. 

The Standard Check routine was run and problems fixed.

EDIT HEADERS was used to add a note to the CTD files indicating that the quality of the salinity data is lower than usual.

The final files were named CTD and RAC.

22. Producing final files

A cross-reference listing was produced.
The sensor history was updated.
Particulars (includes notes taken from the log relevant to processing)

1. Jellyfish in duct (secondary)

5.   Log says NET, but data file exists. Contains only a few points. DELETE.

10. No syringes on

25. Break not holding on winch.

27. Error in position entry. Fixed.

30. Fluorometer looks odd on downcast

34. Error in position in header. Fixed.

43. Error in station name in header. Fixed.

46. Error in position in header. Fixed.

49. Error in position in header. Fixed.

Institute of Ocean Sciences

CRUISE SUMMARY

	Cruise ID#:    2002-16

	Dates:   Start: 26 June 2002                   End: 26 July 2002

	Location: NE PACIFIC

	Vessel:   John P.TULLY

	Party Chief: ROBERT, M. / BOYD, P.


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

	1
	SEABIRD
	911+
	0585
	Yes
	Yes


Institute of Ocean Sciences

CTD Calibration Information

Make/Model/Serial#:
SEABIRD/911+/
0585



Cruise ID#:

2002-16


	Calibration Information

	Sensor
	Pre-Cruise
	Post Cruise

	Name
	S/N
	Date
	Location
	Date
	Location

	Temperature
	2023
	11/09/01
	Factory
	
	

	Conductivity
	1763
	17/07/01
	“
	
	

	Secondary Temp.
	2106
	18/09/01
	“
	
	

	Secondary Cond.
	1764
	14/09/01
	“
	
	

	Fluorometer –pumped
	2356
	07/01
	IOS
	
	

	Oxygen SBE43
	0047
	11/26/01
	Factory
	
	

	Transmissometer
	498DR
	01/08/01
	IOS
	
	

	Pressure Sensor
	77511
	13/03/00
	Factory
	
	


April 15, 2007 – Germaine Gatien

The fluorescence was originally stripped from these files (and from those of some other cruises in 2002) because the comparison with titrated chlorophyll was considered questionable. It was noted at the time that this should be revisited when we knew more about data from this instrument. It is now believed that this data is suitable for archiving, but as always it should be considered nominal. There was no signal for casts 17, 18 and 20 and the data looked unreliable with large sections of zero values for casts 19, 23 and 48, so those were not reprocessed.
The fluorescence in the edited files (EDT) were filtered using a median filter, size 11, then the files were put through BIN AVERAGE as described in the original processing. REMOVE was run as before except that Fluorescence was NOT removed.

HEAD EDIT was run to fix formats and channel. A graphical editor was used to remove some sections of zero values in fluorescence.
