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Processing Steps Performed on CTD Data

from Cruise 9170

This document describes the processing concerns pertaining to the 9170 data and steps performed in processing it.  

INSTRUMENT PROBLEMS

On this cruise the data from the majority of CTD casts were corrupted by one or both of two instrument problems.  These problems became apparent as the casts were compared with each other, the bottle data, and historical data.   The two problems are described below.

A)
Temperature offsets

From cast 29 on, events were observed in many of the casts in which the temperature would suddenly shift by approximately -.029 deg C.  In many cases this shift would continue for only a few meters and then suddenly shift back to normal.  In other cases the shift would be permanent for the rest of the cast.  In some cases a shift could not be observed but it was clear from comparisons with other casts and historical data that a shift had occurred early in the cast. 

Investigations with the CTD after the cruise showed that there was an intermittent connection on one of the temperature probe leads.  This was the only problem that was found with the temperature sensor and it could account for the shifts seen in the data.   Temperature post-cruise calibration showed agreement with the pre-cruise calibration to within the accuracy of the instrument.

From casts 29 through 37, the shifts only appeared after the probe had descended to a depth of 80 to 150 meters.  The actual depth at which the temperature shifts would start varies from cast to cast and there is no apparent pattern to it.

From cast 38 on, the shifts occur while the probe was still shallow (0 to 15 meters).  In many of these casts it was not possible to see a temperature shift because it probably occurred in the thermocline when the temperature and salinity were changing rapidly with depth and time.  In all cases, however, comparison between casts, with bottle data, and with historical data, indicate the presence of temperature shifts in these casts.

The magnitude of the temperature shift is only nominally -0.029 deg C.  This is the apparent average value of the shifts and the value which gives results most consistent with historical data.  When the data was edited, the same value of 0.029 deg C. was added uniformly to all apparently erroneous temperatures so as to preserve some intercomparability between the casts.   Salinities were recomputed from corrected temperatures.




B) Conductivity Cell Drift

The 6000 meter CTD was observed in the field to have a bad conductivity cell and so data from this instrument were not used.  A problem also occurred with the 1500 meter probe from  casts 56 on.  The average salinity, as a function of depth, for casts 49 to 55 was compared to that for casts 56 to 59 and 61.    From 400 meters down there is a near linear relationship between the salinity difference and depth.   This is indicative of a small leak in the conductivity cell which caused a decrease in measured conductivity.  

The assumption that the salinity error is due to a leak in the conductivity cell is supported by an event that occurred during cast 56.   As the CTD was being lowered it was stopped for 3 minutes at 535 meters so that the ship could be moved to avoid an ice floe.   The conductivity decreased over this time producing a shift of -0.02 PSU in salinity which persisted until the end of the cast.  The temperature, however, remained stable over that time.   This suggests that the observed salinity errors are not solely a function of depth but are dependent on the amount of time that the CTD is left under pressure as well.

A linear least squares fit was performed on the salinity differences between the two sets of casts for depths greater than 400 meters.   From this line, the following formula was determined for correcting the salinities in casts 56 to 62:

Corrected Sal = Uncorrected Sal + 3.887x10-2 + 2.822x10-5 x Pressure

PROCESSING STEPS

The steps are identified by the file name extension of the files created.

1.
.CTD


These are the raw data files output by the CTD data acquisition program 1.11.  NOTE: the calibration coefficients in these files are not correct.

2.
.CNV


These files were converted from the .CTD files using the following coefficients:

	CASTS
	Temperature
	Conductivity
	Pressure

	
	Slope
	Offset
	Slope
	Offset
	Slope
	Offset

	All but 51&52
	1.00018
	0.0013
	1.000094
	-0.000193
	1500
	0

	51
	1.00010
	-0.000072
	1.00040
	-0.000542
	6187.8
	0

	52
	1.00010
	-0.000072
	1.00040
	-0.000542
	6187.8
	-7.5



Note that all casts other than 51 and 52 were done with Frozen Sea's CTD #4.  Casts 51 and 52 were done with Ocean Physics CTD #53501.  

3.
.DSP


These files were produced from the .CNV files using the DELETE program with only the despiking features turned on.  Once the processing was complete, the .DEL files produced were renamed to .DSP files.  The following despiking parameters were used.

	Chan
	Fit Width
	Overlap
	Min Value
	Max Value
	Min Stddev
	Max Stddev
	Spike Tol.

	Press
	51
	5
	-2
	4000
	0.01
	2
	3.5

	Cond
	"
	"
	0
	1
	0.01
	100
	3.5

	Temp
	"
	"
	-2
	10
	0.005
	100
	3.5


4.
.TIM


These files were produced from the .DSP files using the TIMECOMP program which has been modified to use Ron Perkins' new algorithm in which the temperature and conductivity channels are each convoluted with the other's time response functions.

5.
.DEL


These files were produced from the .TIM files using the DELETE program with despiking turned off and the following features enabled:


-
Delete Swells


-
Remove Low Drop Rate: Min Rate = 0.3 over 11 pts


-
Filter Pressure: Filter Width =  11 pts.

6. 
.DAT


These files were produced from the .DEL files in a variety of ways.  Often times the CTD_EDIT graphical editor was used to interpolate across glitches.   The FRACTURE, JOIN, ADJUST, and RECALC utilities were also used frequently to isolate sections of casts and adjust one of the channels and recalculate other affected properties.    The following table outlines the work done on each of the casts.  NOTE that the intermediate files have not been archived and the .DAT file represents the final result of this processing for all casts.

	Cast #
	Problems
	Action

	1-26
	All of these casts show no evidence of temperature shifts or glitches of any kind.  This is not conclusive, however, because a shift of 0.03 deg C could easily be hidden in the dynamic temperature and salinity structure throughout these casts.
	No special processing was done on these casts

	29
	Shift in temperature of approximately -0.03 deg C at 93.5 meters.  Below this depth there are no more obvious shifts.
	0.029 deg C added to temperature for points below 93.5 meters.  Salinity recalculated.

	30
	A Shift of -0.01 deg C at 114 meters.  Below this depth there are no more obvious shifts.Comparison with bottle data at this station suggests that the temperature is low by more like 0.03 deg C.
	0.029 deg C added to temperature for points below 114 meters.  Salinity recalculated.

	31
	This cast is plagued by temperature shifts in the order of 0.03 deg C. starting at approximately 138m.  Each shift lasts for several meters and then the temperature returns to normal.
	A graphical editor was used to interpolate the temperature across the shifts.  Salinity recalculated.

	32
	No evidence of temperature shifts in this cast
	No special processing done.

	33
	No evidence of temperature shifts in this cast
	No special processing done.

	34
	No evidence of temperature shifts in this cast
	No special processing done.

	35
	There is a  permanent shift of -0.02 deg C at 84.1m and evidence of temporary shifts before that at 29m to 32m.
	A graphical editor was used to interpolate the temperature across the temporary shifts and then 0.029 deg C was added to points below 84.1m.  Salinity recalculated.

	36
	This cast is plagued by temperature shifts in the order of 0.03 deg C. starting at approximately 107m.  The shifts last for several meters and then the temperature returns to normal. 
	A graphical editor was used to interpolate the temperature across the shifts.  Salinity recalculated.

	37
	This cast is plagued by temperature shifts in the order of 0.03 deg C. starting at approximately 150m.  The shifts last for several meters and then the temperature returns to normal.
	A graphical editor was used to interpolate the temperature across the shifts.  Salinity recalculated.

	38

39

40

41
	No direct evidence of temperature shifts in these casts, however, comparisons with the other casts and with historical data indicate that the temperature is low by 0.03
	0.029 deg C added to temperature over entire casts.  Salinity recalculated.

	42
	Temperature shift of -0.03 deg C at 3m
	0.029 deg C added to temperature for all depths below depth of shift.  Salinity recalculated

	43
	Temperature shift of -0.03 deg C at 7.75m
	0.029 deg C added to temperature for all depths below depth of shift.  Salinity recalculated

	44
	Temperature shift of -0.03 deg C at 12.5m
	0.029 deg C added to temperature for all depths below depth of shift.  Salinity recalculated

	45
	Temperature shift of -0.03 deg C at 11.5m
	0.029 deg C added to temperature for all depths below depth of shift.  Salinity recalculated

	48
	Temperature shift of -0.05 deg C at 5.5m
	0.029 deg C added to temperature for all depths below depth of shift.  Salinity recalculated

	49
	Temperature shift of -0.03 deg C at 70m.  From 87  to 108 meters there were several temperature shifts back to normal that lasted for less than 1 meter.  After 108 meters temperature remained shifted.
	Use graphical editor to interpolate across temperature fluctuations in the 87 to 108 meter range causing all readings in this range to be 0.030 deg C low.  Then added 0.029 deg C to all temperatures below 70 meters. Salinity recalculated

	50
	Temperature shift of -0.03 deg C almost at the very start of the cast.  From 0  to 350 meters there were several  periods in which the temperature returned to normal for less than 1 meter.  Temperature normal from 350  to 410 meters.  Temperature shifted by          -0.03 deg C from 410 meters down. 
	Use graphical editor to interpolate across temperature fluctuations in the 0 to 350 meter range causing all readings in this range to be 0.030 deg C low.  Then added 0.029 deg C to all temperatures in the 0 to 350 meter range and from 410 meters down.  Salinity recalculated

	51-52
	These casts were done with the 6000m CTD.
	Not used.

	53
	Temperature shift of -0.03 deg C almost at the very start of the cast.  From 65 to 375 meters there were several  periods in which the temperature returned to normal for less than 1 meter.  Temperature shift of -0.03 deg. C constant from 375 meters down.
	Use graphical editor to interpolate across temperature fluctuations in the 65 to 375 meter range causing all readings to be 0.030 deg C low.  Then added 0.029 deg C to all temperatures in the cast.  Salinity recalculated.

	54
	No direct evidence of temperature shifts in this cast, however, comparisons with the other casts and with historical data indicate that the temperature is low by 0.03 deg C.
	0.029 deg C added to temperature over entire cast.  Salinity recalculated.

	55
	Temperature shift of -0.03 deg C almost at the very start of the cast.  From 133 to 178 meters there were several  periods in which the temperature returned to normal for less than 1 meter.  Temperature shift of -0.03 deg. C constant from 178 meters down.
	Use graphical editor to interpolate across temperature fluctuations in the 133 to 178 meter range causing all readings to be 0.030 deg C low.  Then added 0.029 deg C to all temperatures in the cast.  Salinity recalculated.

	56-62
	Cast 56 marks the start of the conductivity cell problems outlined in section 2.1.1.  From this cast on, there was no direct evidence of any kind of shifts in temperature.  Comparing the T-max value of these casts with casts 49 to 55, however, suggests that the temperature is low by the usual 0.30 degrees C.  

 
	Cast 56 was fixed by shifting the salinity at depths greater then 535 meters by 0.02 PSU.  Conductivity recalculated.

0.029 deg C. was added to the temperature in all casts 56-62.  Salinity recalculated.

Salinity adjusted in all casts 56-62 as follows:
Corrected Salinity = 
Uncorrected Salinity
 +   0.03887
 +   0.00002822 x pressure

Conductivity recalculated.


7.
.1MA


These files have been produced from the .DAT files using the Meter Average program set to 1 meter averages.

May 21, 2004 - Joe Linguanti

Converted oxygen units from mmol/m^3 (same as umol/L) to mL/L with the CALIB program by dividing the original oxygen values by 44.6.
