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�AUTONUMLGL�Introduction


The data reported here (IOS cruise 91-70) were collected from the Canadian Coast Guard Ship Sir Henry Larsen during a cruise to the Canadian Beaufort Sea from September 5 - September 18, 1990.  For this cruise the objectives were





(fill in the objectives)





Data Include:





-	Conductivity-Temperature-Depth; using two Guildline CTD Systems.





-	Water samples (need details on acquisition)





�AUTONUMLGL�Stations


Station locations, shown in Figures 1 and 2, were determined from a Trimble "Trimpack" (???) GPS System using C/A code, and verified with the ship's transit satellite Navigator.  The status of Selective Availability is not known for this period.   The positions are expected to be within 100m of the true position.








�AUTONUMLGL� Methods


(Describe physical set-up used on board the LARSEN for CTD and hydro casts)





�AUTONUMLGL�Guildline Conductivity-Temperature-Depth System


Two Guildline model 8706 probes were used over the duration of the cruise, one equipped with a 1500 decibar pressure sensor and a second equipped with a 6000 decibar pressure sensor.   Only two casts were done with the 6000 decibar CTD and these were both at station L144 which also had a cast with the 1500 decibar CTD.   All remaining stations were done with the 1500 decibar probe exclusively.  Refer to table 1 for a complete list of the stations and the casts taken for each. 





Data for each probe were logged via 2-conductor cable and slip rings to a deck unit.  Simultaneously, data were recorded onto an Toshiba 3200 lap-top computer.   Data were collected at a rate of 25 samples per second.


�


�AUTONUMLGL�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.  Figure 3 shows an example from cast 31 of one of the more obvious temperature shifts.





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 desended 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





As we have already noted, 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, however, 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.  Figure 4 shows the difference between the two salinity averages as a function of depth.   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.   Figure 5 is a plot of temperature and conductivity during this period.  The plot shows that 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.





Note that Figure 4 represents the salinity differences between the two sets of casts after the casts have been corrected for temperature shifts and after cast 56 had the conductivity shift at 535 meters removed.





A linear least squares fit was performed on the salinity differences between the two sets of casts for depths greater than 400 meters.  The best fit line is shown on in Figure 4 along with the data.  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





�AUTONUMLGL�Data Processing


Several steps were performed in the processing of each CTD cast.  These steps are outlined below:





1)	The raw values for pressure, temperature, and conductivity were converted to engineering units using calibration coefficients determined in pre-cruise laboratory calibrations.  





2)	Each cast was processed to compensate for the differences in the time responses of the temperature sensor and the conductivity cell.  This was done by  digitally convoluting the temperature data with the conductivity cell's time response and the conductivity data with the temperature probe's time response.  This has the effect of aligning the two sets of values so that each temperature/conductivity pair represents a measurement from the same sample of water.





3)	Salinity was calculated from temperature and conductivity using the UNESCO algorithms [Fofonoff and Millard; 1983].





4)	Erroneous values (spikes) were removed from the data using both automatic and manual techniques.





5)	The pressure readings for each cast were smoothed using a 11 point (.4 meter), un-weighted, running average.  This was done to eliminate noise in the data introduced by the pressure sensor prior to the next steps being performed.





6)	Any readings taken during periods in which the CTD probe was falling at less than 0.3 meters/second were removed from the data sets.





7)	The pressure data for each cast was made monotonic by removing any data values from the casts in which the pressure was less than in the previous data value accepted.





8)	At this point the errors outlined in section 2.1.1. were dealt with.  Table 2 lists the problems associated with each cast and the measures taken to correct them. 





9)	The pressure, temperature, and salinity data for each cast were decimated into one-meter bins using a simple averaging process.





10)	Derived quantities were calculated from the pressure, temperature, and salinity data using the algorithms given in the UNESCO TECHNICAL PAPERS ON MARINE SCIENCE, No. 44 by Fofonoff and Millard.





The decimated data, and derived quantities, were used in producing the plots and tables found in Appendix 1.


�


�AUTONUMLGL�Data Validation


In order to validate the CTD readings taken during the cruise,  comparisons were done between the CTD data at stations L101-L104,L122,L123, AM01,ALS4, and L144 with the bottle samples taken at those stations.  The bottle data were collected and analyzed for temperature and salinity as part of the chemical program (see subsequent sections and the chemical data tables).  In the intercomparison, it should be noted that the CTD casts and bottle samples were not collected simultaneously, and that depth for the CTD was determined from the pressure sensor, while depth for the bottles was estimated by "wire out" and measured wire angles (checked with unprotected thermometers where possible).   Therefore, the difference in the intercomparison can be ascribed partly to environmental variance and partly to offset in depth between the two methods.  





Figures 8 and 9 show the distributions of temperature and salinity differences as a function of depth.  From these figures, and previous experience, we determined that only samples taken below 300 meters should be used in the intercomparison of CTD and bottle data.  The only stations deep enough for comparison purposes are therefore L123, AM01, ALS4, and L144.





To quantify the bottle - CTD intercomparison, the property differences D = Xbottle - Xctd were calculated fore each point (S and T) below 300 meters, with the results reported in Table 3.  The statistics show that there is no significant difference between the bottle data and the CTD data for either temperature or salinity.     





Visual comparisons have also been done between the 91-70 data (corrected for instrument errors) and historical data collected  in the months of April and May from 1981 to 1991 in the same region.   Figure 6 shows the locations of the historical stations and the years in which they were collected.  Figure 7 is a TS plot showing the 91-70 data overlapped with the historical data in the depth range of about 200 to 1000 meters.  





Figure 7 shows that there is very little change in the historical TS characteristics over time.  The deep water below the temperature maximum is particularly stable with a spread of only 0.02 PSU over the years.    The 91-70 data compares quite well in this range although the spread is slightly larger.  The value of the temperature maximum does change from year to year with a spread of approximately 0.1 deg. C.  The 91-70 temperature maximum is lower than average but does agree well with the April 1991 data when plotted separately with that data.   The differences between the 91-70 data and historical data above the temperature maximum could be partly due to actual variations in the region but experience working with the data suggest that these differences are most likely due to the instrument problems described in section 2.1.1.
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Station�
Latitude�
Longitude�
Ctd Casts�
Bottle�
�
Name�
Deg�
Min.�
Deg.�
Min.�
1500�
6000�
�
�
L101�
69�
25.62�
137�
51.72�
3�
�
YES�
�
L102�
69�
25.62�
137�
59.76�
4�
�
YES�
�
L103�
69�
31.32�
138�
5.82�
5�
�
YES�
�
L104�
69�
37.98�
138�
14.10�
6�
�
YES�
�
L105�
69�
30.00�
138�
18.12�
7�
�
�
�
L106�
69�
22.20�
138�
18.42�
8�
�
�
�
L107�
69�
23.04�
138�
10.02�
9�
�
�
�
L108�
69�
27.3�
137�
41.82�
10�
�
�
�
L109�
69�
30.00�
137�
21.66�
11�
�
�
�
L110�
69�
32.16�
137�
48.24�
12�
�
�
�
L111�
69�
39.84�
137�
54.24�
13�
�
�
�
L112�
69�
42.18�
137�
37.74�
14�
�
�
�
L113�
69�
45.36�
137�
14.64�
16�
�
�
�
L114�
69�
48.42�
137�
37.56�
17�
�
�
�
L115�
69�
50.04�
137�
50.52�
19�
�
�
�
L122�
69�
47.94�
138�
22.08�
20�
�
YES�
�
L121�
69�
35.94�
138�
31.08�
22�
�
YES�
�
L120�
69�
34.32�
138�
42.90�
23�
�
�
�
L119�
69�
38.10�
138�
44.94�
24�
�
�
�
L118�
69�
41.16�
138�
44.22�
25�
�
�
�
L117�
69�
48.06�
138�
40.44�
26�
�
�
�
L116�
69�
54.96�
138�
11.64�
29�
�
�
�
L123�
69�
58.32�
138�
34.02�
30�
�
�
�
L124�
70�
0.96�
138�
13.56�
31�
�
�
�
L125�
70�
4.02�
137�
49.74�
32�
�
�
�
L126�
70�
6.96�
137�
26.22�
33�
�
�
�
L127�
70�
9.30�
137�
39.36�
34�
�
�
�
L128�
70�
10.98�
137�
54.24�
35�
�
�
�
L129�
70�
13.08�
138�
0.72�
36�
�
�
�
L130�
70�
13.98�
138�
6.18�
37�
�
�
�
L131�
70�
16.98�
138�
20.22�
38�
�
�
�
L132�
70�
13.02�
139�
12.18�
39�
�
�
�
L133�
70�
9.12�
139�
15.00�
40�
�
�
�
L134�
70�
5.16�
139�
16.08�
41�
�
�
�
L135�
70�
0.96�
139�
18.78�
42�
�
�
�
L136�
69�
56.70�
139�
22.20�
43�
�
�
�
L137�
69�
53.16�
139�
23.88�
44�
�
�
�
Table 1 - List of 91-70 Stations
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Station�
Latitude�
Longitude�
Ctd Casts�
Bottle�
�
Name�
Deg�
Min.�
Deg.�
Min.�
1500�
6000�
�
�
L138�
69�
54.96�
139�
8.04�
45�
�
�
�
L139�
69�
55.98�
138�
50.46�
48�
�
�
�
AM01�
70�
32.1�
139�
58.26�
49�
�
YES�
�
L144�
71�
22.38�
141�
23.10�
50�
51,52�
YES�
�
ALS1�
70�
33.96�
136�
54.36�
53�
�
�
�
ALS2�
70�
33.54�
138�
10.56�
54�
�
�
�
ALS4�
70�
34.08�
140�
0.06�
55�
�
YES�
�
L143�
70�
51.90�
139�
32.22�
56�
�
�
�
L142�
70�
39.96�
139�
30.12�
57�
�
�
�
L145�
70�
34.02�
139�
30.12�
58�
�
�
�
L141�
70�
25.74�
139�
6.00�
59�
�
�
�
L140�
70�
9.84�
138�
47.76�
60�
�
�
�
RDI1�
70�
40.08�
136�
59.46�
61�
�
�
�
RDI2�
70�
28.26�
136�
13.38�
62�
�
�
�
Table 1 (con't) - List of 91-70 Stations





�


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�
�
�
34�
No evidence of temperature shifts in this cast�
�
�
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.�
�
Table 2  - Individual Cast Problems and Their Solutions�


Cast #�
Problems�
Action�
�
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 �
�
43�
Temperature shift of -0.03 deg C at 7.75m�
temperature for all depths�
�
44�
Temperature shift of -0.03 deg C at 12.5m�
below depth of shift.  Salinity�
�
45�
Temperature shift of -0.03 deg C at 11.5m�
recalculated�
�
48�
Temperature shift of -0.05 deg C at 5.5m�
�
�
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.�
�
Table 2 (con't) - Individual Cast Problems and Their Solutions


�Cast #�
Problems�
Action�
�
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.�
�
Table 2 (con't) - Individual Cast Problems and Their Solutions


�


CTD/Bottle Intercomparisons


Bottle-CTD for Depths > 300 meters�
�
�
Temperature�
Salinity�
�
Mean�
-0.00417�
-.0097�
�
Std. Dev.�
0.034597�
0.010074�
�
n�
24�
23�
�
Table 3 - Bottle-CTD Comparisons
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