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DESCRIPTION OF PROBLEM

The pressure calibration that was used in processing cruises run between March 2000 and October 2009 using CTD #0585 was incorrect with the exception of cruise 2008-04 which was calibrated correctly. 
This pressure sensor was calibrated in September 1999 and in March 2000. It is unknown why it was recalibrated in 2000. The records at IOS contained erroneous parameters which are similar to the 1999 values. 

Sea-Bird advises that Digiquartz sensor calibrations drift towards lower values, and that to correct this you should add an offset. Since 2004 a systematic record has been kept of sensor offsets used. (For use before 2004 the picture is not so clear.) It is anticipated that in the course of doing checks and adding offsets to correct for drift, the errors in near-surface pressures have been kept small. But are the errors at depth due to this mistake in pressure configuration significant?

For most cruises using the pressure sensor slope/offset were entered as 1/0 in early use. Further offsets were applied to some data sets between 2000 and 2004, ranging from +0.2db to +0.5db. From late 2004 until 2009 an offset of +0.4db was used. In late 2009 studies suggested that it might be time to increase the offset again, but the evidence was not strong.

For cruise 2008-02 the parameters used came directly from the factory except for the slope and offset settings which were incorrect. At sea, a slope/offset of 1/-0.6db was applied, and in processing 1/+0.4db was used. The March 2000 calibration had slope/offset of 0.99995/-1.1155db. It is anticipated that the 2000 offset would need adjusting to allow for drift in the calibration since that time.
ERROR ESTIMATES
Tests using 2008-04 data

To determine what size errors have resulted from these mistakes, a 1000db cast file (2008-04-0037) was converted using the following calibrations:

A. March 2000 correct parameters including original slope/offset
A*  March 2000 correct parameters with an offset adjustment of +0.9db to allow for drift as of 2008
B. March 2000 parameters as used at sea on Sir Wilfrid Laurier 2008 Arctic cruises -mostly correct parameters but wrong AD590M, AD590B and slope/offset = 1/-0.6db.

C. Parameters used for processing 2008-02 – correct except for slope/offset = 1/+0.4db.

D. Parameters with errors and with slope/offset = 1/+0.4db. (used from late 2004-2009 with exception of 2008-02 and 2008-04)
D*. Like D but with slope/offset=1/0 (used 2000-early 2004)
The pressure range for the cast is given for the different conversions:

	CON FILE
	Min Press
	Max Press
	COMMENTS

	A
	-0.411
	1000.182
	Press. parameters correct for 2000

	A* 
	0.504
	1001.097
	Estimate of correct fit for 2008

	B
	1.105
	1001.748
	Used at sea for SWL Arctic 2008

	C
	0.105
	1000.748
	Used to process 2008-02

	D
	0.137
	1000.788
	Used to process most cruises late 2004-2009 (exception is 2008-02)

	D* 
	-0.263
	1000.388
	Used to process cruises 2000-2004


Using these values we can try to answer the following questions:

1. Is the March 2000 calibration valid for 2008 data, and if not, how should we adjust it?

Calibration A looks too low implying drift over the 8 years. To test this, a cast that appears to have been very close to the surface (cast #69) was converted using those parameters, and the upcast conductivity values (with pumps still on) look oceanic until the pressure gets to about -0.9db during the upcast. So another run was done increasing the offset by 0.9db, configuration A*.
2. What is the error in processing data in 2008 using configuration D? 
If we assume A* is appropriate for 2008, then comparing D and A* will give us an estimate of the errors in processing cruises in 2008. The “D” pressures appear to be too low by ~0.37db at the surface and by 0.31 at 1000db. Given the limits of the analysis and the stability of the sensor, we can’t judge offsets that closely – the results do vary from cast to cast. But we can conclude that any errors are fairly small at the surface and even smaller at depth. We might have guessed that, since offsets have been applied to make the surface data look reasonable. It looks like they should have been increased a little more, which is what we would expect to do as the sensors age. 
3. What is the error in processing data before 2008 using configuration D? 
Comparing D* and A shows the error in 2000 due to the misconfiguration. This shows that the archived pressures are probably too high by ~0.15db at both the surface and at 1000db. This is almost within the resolution level of the instrument and certainly well within the accuracy level. What the errors were between 2000 and 2008 is impossible to quantify since we can’t assume the drift in calibration was linear. But it is unlikely that the errors are larger than found for 2008.

4. Do the errors in calibration explain the pressure test during 2008-04?
Comparing B and A* shows the difference between what was used at sea during 2008-04 and what should have been used. This shows that the CTD was about 0.6db deeper at the surface than it would have appeared to be, which partly explains the observation in the log that the CTD read 4db when the rosette was just at the surface. We would expect a reading of about 1.5-2db depending on how far below the surface the rosette actually was. This might suggest that the offset should be set higher.
5. What are the errors in the 2008-02 data which had a different configuration file used than any of the other cruises?

Comparing C and A* shows the error in the pressures in the archived 2008-02 data. may be low by up to 0.4db at the surface and 0.35db at 1000db. 

All data from 2008-04 were then converted using configuration A* (offset increased by 0.9db). A few casts were then examined to check data at low pressure values:
Cast #49 - during the upcast with the pumps on, salinity was ~26 at a pressure of -0.2db

Cast #69 – during the upcast with pumps on, the salinity and fluorescence suddenly drop at pressure ~0db. 

Cast #63 – during the upcast with pumps on, the salinity and fluorescence suddenly drop at pressure ~+0.3db.

This suggests that the pressure is reasonable, though possibly still a little low at the surface. So processing of future data may require an increase to the pressure offset by a further 0.2db.
2. Tests using 2009-10 data

Another test was done by reconverting a 2000db cast from 2009-10 (2009-10-0034) using configurations A and A* and comparing that to the original conversion with con file D. 
	CON FILE
	Min Press
	Max Press
	COMMENTS

	A
	0.298
	2006.779
	Press. parameters correct for 2000

	A*
	1.198
	2007.679
	Estimate of correct fit for 2008

	D
	0.837
	2007.391
	Used to process most cruises late 2004-2009 (exception is 2008-02)


The shallowest data from this cast were collected with the pumps on and both conductivity and fluorescence have values that indicate the CTD was in the water and likely at least 1m down. When processed with con files A and D those data are said to be at 0.3db and 0.8db; it is unlikely that the CTD ever was allowed to get that close to the surface with the pumps on. When the A* configuration is used, the results look more reasonable at 1.2db. Conversion D results are lower than A* by about 0.38db at the surface and 0.3db at 2000db. This shows that there is no significant slope to the errors, and applying a simple offset to the March 2000 calibrations is appropriate. This evidence sets the A* offset as a minimum – it may be that a higher offset would be better.
Using bottom depth plus altimetry to check results was considered, but neither data set is completely reliable and the readings would not be simultaneous, so this was not done.
CONCLUSION

There is evidence that the errors made are roughly pressure-independent. 
The pressure readings in the 2000 data are estimated to be high by <0.2db in 2000 and low by <0.5db in 2009. The error estimates are inexact and the instrument accuracy is considered ±1db, so no corrections will be applied to data already processed. 
Notes will be placed in the processing reports of all affected cruises in the archive, and a copy of this report should be stored in the relevant document folders.
