Report on recalibration of data using conductivity sensors #2399 and 2424 in 2002-2004 

These sensors went 31 months without recalibration. They were on the Ricker for the past 2 years. We get poor calibration information from the Ricker because sampling is poor in quantity and quality. There is generally just a single Niskin bottle on the wire with only a few deep samples, and there often uncertainties about the depth of firing and the distance between the CTD and bottle. I would recommend that these sensors be recalibrated more often, since that is the only reliable comparison we get. The post-cruise calibration indicates that there was a large drift in the conductivity sensors and a small drift in the temperature sensors. We are stuck with assuming a linear drift, but that leaves a lot of room for error when looking over 31 months of data. Four of the cruises in 2002 were on the Vector or Tully. The latter cruises all have notes in their reports expressing doubts about the bottle comparisons.
Judging by the post-cruise conductivity calibration the CTD salinity was low for all these cruises. There is a further small error (<0.001psu) in salinity due to temperatures reading a little high – this would lead to even lower salinity. The comparison with bottles indicates that the CTD salinity was reading higher than it should. The difference between the two estimates varies from 0.003psu to 0.012psu. Some possible explanations for this discrepancy are:

· The drift in the sensor calibration may not be steady. However, there is no evidence that the bottle calibrations were close early on and got worse later.
· There is uncertainty in the depth of sampling for the deep Ricker samples. The local gradients were considered when the RICKER comparisons were done, allowing for a difference in salinity due to the difference in depth between the CTD and the bottles, but it is a rough calculation. We are not certain how far above the CTD the bottle was mounted on some of the cruises. In at least one case (2003-38) the bottle comparison in well-mixed surface samples were closer to the post-cruise calibration than the deeper samples.
· Poor sealing of bottles could be a problem and gathering samples in the rain might conceivably give such results, but the latter would require consistent wet weather on all these cruises. Other sources of leaks or errors in gathering samples may exist.

· Perhaps the Niskin bottles are not flushing as well as we expect, but it is surprising to get such consistent problems with particular sensors. However, for some casts there does seem to be some pressure-dependence with surface bottles in better agreement with post-cruise calibration results than the deep ones. This would support this argument.
· Flow-rate problems may complicate the issue. Especially in recent cruises there is evidence of poor flow-rate, especially in upcasts. If there are such problems when the CTD is stopped, the comparison with bottles would be compromised. However, there is no obvious sign that this is happening.
· Since in at least one case the surface samples look more reliable than the deep ones, it is possible that there is a pressure-dependence in the sensors that is not addressed in the post-cruise calibration check. But that tends to be caused by a cracked cell and I would expect that to be found during recalibration.
· The Portasal calibration could have been off. These sensors were used for most of the cruises of 2002. The only other sensors for which we can compare the bottle comparison and post-cruise calibrations suggest that the bottle comparisons are high by about 0.003psu for 2002. So this might support that at least part of the problem was with the salinometer. But I have not investigated whether the same salinometer was used for all these casts. And it will not account for 2003 and 2004 when, for other sensors, there is not the same difference between bottle comparison and post-cruise calibration. 

In summary, it seems likely that there are a few different problems affecting this data. The calibration sampling of 2002 has already been called into question by a variety of people, and I think that some steps were taken to improve it. There may be an issue of CTD pumps/plumbing. And for the cruises of 2003 and 2004, the major problem is just the difficulty of getting good calibration information on Ricker cruises. It seems wisest to assume that the post-cruise calibrations give the most reliable information and that a combination of bottle/pump/salinometer problems account for the discrepancies.

Reviewing the cruises that have been processed it appears that the following should be recalibrated: 
2002: -26, -30, -32, -34, -38

2003: -13, -16, -25, -36

2004: -03, -17, -19 and -28 (2004-18 was processed after receiving the post-cruise calibrations so is ok.)
Comments on individual cruises:

2004-26 – SOG cruise, usually a marginal comparison. There was a huge scatter – I can see that I rejected some of points that were very close to the post-cruise results, and kept many in the fit that now appear to be bad. 

2004-30 – Line P, Tully. This is a cruise that caused me to question how well the bottles were working. The analysts also commented that many of the samples were unreliable. Once again, on re-examining the bottle comparison I can see that there are some bottles that fit the post-cruise results very well. Most do not.

2004-32 – Nestucca. This was a TULLY cruise. There was a lot of scatter in the bottle comparison but most bottles indicated the CTD was reading high in both channels. The post-cruise calibration shows the opposite.
2004-34 – LaPerouse, Tully. Once again there was a lot of scatter in the bottle comparison, though almost all bottles indicate the CTD was reading high.

All the rest of the cruises were on the RICKER with very limited calibration sampling.

2004-38 – The scatter was extreme.

2003-13 – Only one deep bottle and one well-mixed surface sample. No recalibration was applied in the original processing.
2003-16 – The differences between sensors varied through the cruise and the CTD hit bottom at one point with poor data until a repair was made. There were believed to be flow-rate problems when the CTD was moving, especially in upcasts. 
2003-25 – No calibration sampling. Used 2003-13 and 2003-28 info to recalibrate.
2003-38 – There was the best of all the Ricker cruises with regards to calibration sampling, but there was quite a lot of scatter. The conclusion was that the CTD was low by 0.008psu. The post-cruise drift suggests it was low by about 0.01psu. This is the closest the two estimates were for all these cruises. If I had trusted the few shallow samples from well-mixed waters more than the deep samples(400-500db) I would have done even better.
2004-03 – No recalibration applied. S0 thought to be a little low, but widely varying estimates based on 2 bottles at 500db and a few near-surface bottles.
2004-17 – No deep bottles and not well-mixed at surface
2004-19 – 4 deep bottles but considerable doubt about depth of firing. May have been fired on the fly. Confusing comparison.
2004-28 – no sampling.
For details on how the offsets were determined see the file “calibration study.xls”. 

The following table summarizes the offsets needed to bring these data sets into line with the post-cruise calibrations:

	Needing correction
	recalibration offsets
	

	 cruise
	 In archive
	primary
	secondary

	2002-26
	primary
	0.0053
	 

	2002-30
	primary
	0.0052
	 

	2002-32
	primary and secondary
	0.0078
	0.0098

	2002-34
	primary
	0.0058
	 

	2002-38
	secondary
	 
	0.0070

	2003-13
	secondary
	 
	0.0083

	2003-16
	primary and secondary
	0.0070
	0.0086

	2003-25
	primary
	0.0015
	 

	2003-36
	secondary
	 
	0.0027

	2004-03
	primary
	0.0110
	 

	2004-17
	primary
	0.0130
	 

	2004-19
	primary
	0.0135
	 

	2004-28
	primary
	0.0138
	 


Recalibration was done by Germaine Gatien on Dec. 21 and 22, 2004.

