JWACS 2002 Arctic data  Calibration Question 


Order of cruises: 2002-20, 2002-23 and 2002-21





From 3 cruises we have log notes, sensor comparisons, bottle comparisons and pre-cruise and post-cruise calibrations. 


1. Calibrations from SeaBird – As part of the calibration after the JWACS cruises SeaBird reported on the sensor drift since the previous calibration. They were as follows:


primary conductivity  	+0.0006 units


secondary conductivity 	+0.0001


primary temperature 	+0.00047 (C/year


secondary temperature 	+0.00102 (C/year


The net effect of these drifts on salinity is produce primary salinity low by about 0.007 units and  there is no effect on secondary salinity.


If we assume the drift in the primary salinity was gradual then by August 2002, about 5 months after the 1st calibration, the salinity would be low by about 0.003. SeaBird also commented that the primary conductivity cell was cracked which might suggest that the change in calibration was not gradual.





2. Notes from the CTD and rosette logs – Only notes of possible relevance to calibrations


2002-20:


	all bottles fired on upcast, most after 20-30s wait


problems with winch on upcasts – surging, some bottles tripped without stop on upcast


cast 38: “bottle #12 does not close all the way at the top”


cast 47: rosette dropped hard on the deck - “popped about half the plungers that hold BOTs below retaining ring”


cast #51: “tightened set screws in upper caps of BOTs – replaced 2 missing screws”


cast #55: “bungy snapped”


cast #62: water drips for bottles #12 and 14


cast #63:  “bungy repair”


csat #64: leak from bottle #14


cast #65: “o leak” bottle #14


cast #69: “bottom valve on Bot #3 broken?”


cast #71: “replaced another bungy”


2002-23: 


	cast #9: bottle #12 leaking


cast #12: bottles #10 & 12 – LD O-RINGS installed


cast #13: bottle #5 leaking from bottom


cast #13: repairs made to rosette because of problems affecting proper bottle closure. Replacement of bottom spigot on #23m, to bungee cord for bottle #15, repair to bungee on #24. Small screws on bottle lids checked for tightness


cast #18: bottle #2 leaking and #6 did not close


cast #21: bottle #9 spigot loose


cast #22: bottle #20 did not close


	cast #23: bottle #2 leaking from bottom and #21 did not close


cast #24: bottle #24 did not close


cast #25: bottle #18 did not close


cast #27: bottle #2 leaking from bottom, and #16-oil on spigot


cast #29: bottles #2 &17 leaking 


cast #33: bottle #17 bottom leaking


cast #35: bottles #1,2 and 17 leaking


cast #36: bottles #1,2 and 17 leaking


cast #38: bottle #2


cast #41: bottle #1 did not close


2002-21:  


	no relevant notes found	





3. Sensor comparisons


A routine part of processing is to compare primary and secondary sensors at depth. No significant changes were noted in the temperature differences during the JWACS cruises, but there was a change in the conductivity and salinity differences. These occurred between cast #27 of 2002-20 and cast #1 of 2002-23. There were no deep casts between these two casts. The variations in shallow water are too large to be able to track when the change occurred or whether it was sudden or gradual. For cast #27 of 2002-20 the salinity differences were about 0 at 500 db and +0.0045 at 2100 db. During 2002-23 the salinity differences were on the order of 0.005 at 500 db and 0.006 at 1900 db.





From the beginning there was unusual pressure dependence in the salinity differences. During 2002-20 that was not seen in upcast data, but probably that was because of the winch problems causing less sensitivity in the upcast measurements. This usually suggests at least one malfunctioning sensor.





4. Bottle comparison


2002-20:


The salinity was found to be low by about 0.002 for the primary and about zero for the secondary. The differences were fairly flat versus pressure but there are few data points and a huge scatter. An apparent time-dependence is largely based on very shallow casts. If we include only data from 500 db down there are only 3 points. Moreover, the upcasts were extremely noisy due to winch problems, and the CTD rosette files have very high standard deviations so the CTD values are suspect.


The comparison done for 2002-20 used different standards from the other two cruises since excluding bottles with high standard deviations left almost nothing to compare.


Bad bottles: two samples were found to be extreme outliers and came from bottles #1 and 3





2002-23:


The sampling for this cruise was very complex with downcast and upcast sampling. 


COMPARE was run separately on upcast only and downcast only. Data were selected from 500 db downwards and points were rejected so that differences more than 0.001 from the average were excluded. 


(For the upcast sampling the primary salinity was found to be low by 0.0067 and the secondary low by 0.0011. The primary is remarkably flat versus pressure but the secondary has some pressure-dependence (low by 0.002 near 500 db, about 0 at 2500db and high by 0.001 at 3500 db). However, the scatter is huge (standard deviation in the fit of both pairs is on the order of 0.003 units of salinity). The time-dependence is the same for both sensor pairs (-0.0002 * file pair number). That is significant for the primary but when later shallow casts are not included the secondary time-dependence disappears.


(For the downcast sampling the primary salinity was found to be low by 0.0063 and the secondary low by 0.0010. Both sensors are remarkably flat versus pressure, but the scatter is huge (standard deviation in the fit of both pairs is on the order of 0.003 units of salinity). There are not enough casts to make time-dependence worth looking at.


(After removing outliers there is remarkably little difference between the upcast and downcast sampling except that so much data was lost from the downcast sampling due to bottle problems.


Bad bottles: Where do we begin? Many bottles gave terrible results, clearly due to bottle malfunction. The downcast sampling produced terrible results. A comparison was done versus bottle numbers, which identified bottles 1,2,3,4,5,8 and 12 as extremely bad producing differences of 1 to 7 units of salinity during downcast sampling. The other bottles may well have more subtle problems. On the upcast bottle #3 gave notably bad results. 





2002-21:


All sampling was done during downcasts on the fly and none deeper than 650m. The primary salinity was found to be low by about 0.002 when outliers were rejected. There is more pressure-dependence than during 2002-20 and 2002-23 with a tendency towards lower CTD values relative to bottles at depth. The secondary sensors were high by about 0.001 with a little less pressure dependence than the secondary and a tendency towards zero difference between CTD and bottle at depth. Both sensors show more time-dependence than during 2002-20 pr 2002-23, but there are only 7 casts below 250 db and the scatter is huge. When only results from 350 db were compared there was no noteworthy time-dependence.


A second approach was tried with small rosette files, 5 records per bottle firing to see if better results were obtained. The primary looked about the same and the secondary differences were a little higher (~0.002). The pressure dependence was similar. If we assume that the secondary differences should be zero, than the water in the bottles must represent conditions from about 9m above the sensor.


Bad bottles: Bottles 1,2,3 and 5 generally gave poor results. Bottle #4 was very bad once and #9 poor twice. The differences were not nearly as large as during 2002-23, but the sampling was not so deep so if the errors are pressure-dependent they will not be as obvious.





Conclusions


There are 4 questions that arise from this analysis:


1. When did the conductivity cell crack and does it matter? 


The evidence that it cracked early, before the deep casts of 2002-20, is the pressure-dependence of the differences between sensors. We normally expect very little pressure-dependence below 200-500 db. 


The evidence of it cracking later, after the deep casts of 2002-20 and before 2002-23, is that the differences between pairs of conductivity and salinity sensors changed between casts #7 of the former and #1 of the latter. A likely time for that to happen is when the rosette hit the deck hard. The salinity calibration shifted from one cruise to the next but a simple pattern does not emerge. The primary calibration appears to shift between 2002-20 and 2002-23, while the secondary shifts between 2002-23 and 2002-21. Given the different methods of bottle collection and noisy and limited data for 2002-20, and the different depths involved, there is no clear evidence of a sudden shift in calibration.





Does it matter? There was a lot of drift in the primary calibration over 2002. Whatever the cause we don’t know when or how gradually the calibration changed. It probably means we have to use the secondary data.











2. What bottles can be counted on for a bottle comparison?


The worst can certainly be picked out. Using the others requires a lot of faith, but there does seem to be some consistency.





3. How do we recalibrate?


Use the secondary salinity and assume no drift. The bottle comparisons suggest an error of no worse than (0.001 units of salinity.





4. Can we learn anything from these results?


If we assume that the secondary salinity calibrations did not drift then the fact that they are about zero during 2002-20, varied with pressure for 2002-23 and high by 0.0013 during 2002-21 may tell us something about sampling techniques. During 2002-21 the casts were relatively shallow and there are no notes about big problems with bottles. If the bottles are not an issue then we expect that the CTD would measure deeper water than that sampled by the bottles. If the sensors are holding their calibration well the size of that difference might be a measure of the different depths at which the bottle and CTD sampling was done. Such analysis suggests that the water in the bottles comes from about 9m above the sensor.





The upcast sampling during 2002-23 was done with bottle stops and we expect no significant differences between the bottles and CTD. The differences gradually decrease with pressure. At depth they are slightly high but given the scatter it is not significant. But why does the CTD look low down to 1500 db? Is it possible that there was some leakage into the bottles during upcasts? Could the tendency to leak decrease with the pressure at which the bottle was closed? The difference is not huge given the scatter but it is puzzling and in the absence of any reports of damage to the secondary conductivity cell, it may suggest problems with the bottles even during upcasts. 





A possible explanation is that there was a delay in the firing of the bottles leading to apparently high salinity during downcast sampling and low salinity during upcast sampling. To study this possibility the performance of one bottle was analysed for the 3 cruises. Bottle #3 performed badly during all three cruises and during both upcast and downcast sampling. During 2002-20 the bottle was rarely used for salinity sampling but on the two occasions when it was fired below 50m (during upcasts), the bottle gave salinity low by +0.01 and +0.04. During 2002-23 downcast sampling it gave extremely high salinity (by up to 7 units) and, during upcasts, low salinity (by up to 0.25 units) although there are a few exceptions to the latter. During 2002-21 bottle #3 performed badly as well with salinity bottle reading lower than the CTD by at least 0.05 units for 6 out of 8 firings in casts deeper than 125m.





There are other bottles that stand out as bad, for example bottle #5 generally looks worse than its neighbours on the rosette during both 2002-23 and 2002-21. There is insufficient evidence to say whether that was true during 2002-20.





The fact that the differences were approximately zero for 2002-20 might suggest that the major bottle problems did not arise until after cast 2002-20-0027. The dropping of the rosette on the deck during 2002-20 or the exposure to much higher pressures during 2002-23 might account for the bottle trouble. However, the bottles with the worst results during 2002-23 were not used much during 2002-20 so the results may be accidentally good. The problems were not severe during 2002-21 suggesting that whatever the cause, the effect was worst in high-pressure sampling. 


