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Cruise 1996-31

These notes were adapted from those prepared by H. Melling for cruises 9720, 9721 and 9722; the same method was used for this data set. (G. Gatien)

Bottle Samples & In situ Conductivity Checks, I-CTD # 1329

Choosing the Depth and Temperature for Geochemical Samples

Up-cast CTD data provide better numbers for salinity (and presumably for temperature) in relation to water samples. However, the depth to be associated with the water sample is poorly known because the flushing of the bottle is inefficient and a wake engulfs the rosette when it is stopped for bottle closure. 

The down-cast data suggest that on average the salinity of the sample is best represented by conditions about 3.5 m below the rosette when it is stopped. 

The recommendation for choosing values to associate with water samples:

1. Use the salinity and temperature from the CTD when stopped for bottle closure on the upcast.

2. Use the pressure that provides the best average correspondence between the sample salinity and CTD salinity on the downcast, namely that 3.5-db greater than the CTD indication when the rosette is stopped.

3. Be aware that the sample is actually a mixture of water from a range of depths below where the rosette was stopped. The depth range over which the sample has been ‘smeared’ is quite large relative to the 3.5-m average correction and varies from sample to sample.

Processing of CTD Data

Data were recorded by the CTD during both the down-cast (continuous descent) and the up-cast (intermittent ascent, with stops of 10-30 seconds for closure of bottles). In general, oceanic profiles derived from up-cast data are ‘ugly’ because the wake of the rosette catches up with the CTD during stops, and the (un-pumped) CTD sensors are subject to self-heating when motion ceases.

Only data from the down-cast were systematically processed for these cruises. However, those short sections of data recorded separately by the logging software at the times of bottle closure on the up-cast were calibrated for comparison of salinity measured with that analyzed for sampled water.

Data from the CTD during down-cast were processed through the following stages 

1. FSICNVT, using Config File: w:\ctd\9720\1329.cnf

2. CLEAN, to reset #RECS, MIN & MAX values in header.

3. REMOVECH, to remove Thermistor1, Touch Down, Transmissivity, Chlorophyl from file

4. Edit for de-spiking

5. ICTD-ADJ.bas (non-standard program)  

Original conductivity channel adjusted by weighted running average

Weights from -9.9 seconds to 0 seconds

Original pressure & supplementary variables delayed by (ms): 811.4

Original temperature delayed by (ms): 325.0

6. DELETE, using 

Surface Record Removal: OFF, Pressure filtered over width: 9, Swells deleted, Drop rates < 0.35m/s (calculated over  8 points) deleted

7. CALIB 

    1 Pressure:Adj                      db           10   -0.3270000E+01   0.1001700E+01

    2 Temperature:Adj               celsius    10     0.2410050E-01   0.9984878E+00

    3 Conductivity:Adj               mS/cm    68    0.0000000E+00   0.1000000E+01

8. FILTER, using Boxcar on Salinity referenced to Pressure:Adj: 

Size 9 to 100-m depth, Size 13 to 300-m depth, size 23 at greater depths
Water samples were acquired on the up-cast with the rosette stopped for at least 10 seconds before closure. Previous experience has shown that the water sampled with this procedure actually comes from some distance below the stopped position. 

THE FOLLOWING IS THE REPORT ON THE CALIBRATION FOR CRUISE 9720,9721 and 9722. THE SAME METHOD WAS USED FOR 9631. Plots at the end pertain to 9631 and it should be noted that for the 1996 data a distance of 3.5m was used rather than the 2.0m found for the 1997 data.

Down-cast CTD Values vs. Bottles

The first figure displays for cruise 1997-22 the differences between bottle and CTD salinity values in relation to the vertical salinity gradient at the level of sampling. Clearly the discrepancy between the two values of salinity is strongly influenced by how rapidly salinity is changing with depth in the ocean.

The next two figures (one each for 1997-20 & 1997-22) show corrections to the CTD salinity based on assumptions that (1) the sample is representative of the bottle location (i.e. 0.6 m above the CTD; (2) the sample is representative of a location 2.0 m below the CTD. Histograms of correction are shown for all samples and for samples between various levels, so as to achieve a rough separation on the basis of vertical salinity gradient. 

The histograms for the 0.6-m assumption are strongly skewed to positive correction, with the skewness decreasing as the gradient decreases. This result confirms that the waters sampled came from below the stopped position of the rosette.

The histograms for the -2-m assumption are more symmetric. The large width of the histogram ((0.05 in salinity) where the gradient is strong arises from two factors: 1) Partially mixed water entrained into the moving wake behind the rosette that catches up when the rosette is stopped for sampling; 2) Changes in the ocean between the time of the down-cast, which provides the CTD data, and the time of the up-cast, when samples were taken for analysis.

The salinity correction based on deep samples, where the salinity gradient is much less than 1 ppm per metre, ranges from –0.002 ppm at 2000 m to +0.002 ppm at 1000 m (last plot). Since the variation is congruent to that of temperature (also plotted), this could be residual temperature dependence in the conductivity circuitry of the ICTD. The change is too large to be associated with thermal contraction of the cell (about 0.0005 over a 2-degree temperature change).

No correction to the conductivity calibration for these three cruises (1997-20/21/22) was warranted on the basis of the in-situ sampling for salinity. The confidence level for deep salinity values from the CTD is (0.002.

Up-cast CTD Values vs. Bottles

Salinity values from water samples were also compared with the data recorded by the CTD when the rosette was stopped on the up-cast to acquire water samples. In this situation, since the coincidence of CTD and bottle data in both depth and time is very close, one expects an excellent correspondence between values from the two sources of information.

The correspondence is certainly better than that between bottles and down-cast data. In general the root-mean-square difference is about half that from the former comparison. However the spread in values (approximately (0.080 for 95% confidence) is much larger than the analytic precision for salinity samples ((0.001) or the precision ((0.002) of CTD-derived salinity. There is also skewness in the histograms that favours bottle salinity values higher than those measured by the CTD, despite the fact that the bottles were mounted above the CTD. There are also some pretty large numbers for differences between bottles and CTD on the up-cast, 0.48 for both 1997-20 and 1997-22!

There are two issues of concern here: 1) The extent to which samples in the bottles correspond to water in the vicinity of the CTD/rosette on the up-cast; 2) The extent to which water in the vicinity of the CTD during up-cast corresponds to the water at the same depth as the CTD, but remote from it. The histograms presented in this section reveal significant differences between the water within the bottles and the water in the vicinity of the rosette. Slow flushing of ‘old’ water from the bottles and inhomogeneity (poor mixing) of water in the wake of the rosette are both implicated as contributors to these differences.

In addition the slow-flushing and poor-mixing factors, the histograms presented in the preceding section have larger variance because they incorporate two additional effects: 3) Entrainment of deeper waters into the wake that follows the rosette and overtakes it at stops; 4) Changes in the ocean between the time of the downcast and that of sampling on the upcast. Factor (3) implies that the water measured by the CTD and collected in bottles on the upcast is not identical to that remote from the rosette. 

Factor (4) is an annoyance, but not immediately relevant because it is real change, and not an artifact of sampling procedure.

During cruise 2001-16 in the same area as cruise 1997-22, a single wire mounted bottle was lowered repeatedly to acquire bottles at various depths with the winch stopped for the messenger drop. CTD data were taken from the initial downcast. The 2001-16 data set has the same timing problem as the 1997-22 data, in that the sample was not acquired simultaneously with the CTD data, but lacks the problem of the rosette wake encountered in 1997-22. The variance of bottle-CTD differences for 2001-16 is about 1.2 times that of the 1997-22 up-cast differences but only about 0.6 times that of the 1977-22 down-cast differences for the three ranges of depth (30-100, 100-300 and 300-600 db). Therefore, timing mismatch increases the variance by about 20%, while wake effects are probably the cause of an additional increase of almost 50%.

Humfrey Melling

March 19, 2002

Bottle-salinity minus down-cast-CTD-salinity in relation to the vertical gradient of salinity

Note how the salinity difference increases as the gradient increases
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Histograms of Difference – Bottle minus down-cast CTD, assuming that water in bottle comes from depth of bottle

 Note the skew to positive values, that decreases as the gradient of salinity decreases with depth
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Histograms of Difference – Bottles minus down-cast CTD , assuming that water in bottle comes from 2.6 m below bottle

Note the reduction in skewness relative to that evident if sample is assumed to be representative of the depth of the bottle.
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Residual Problem in I-CTD Calibration evident within the (almost) isohaline layer in deep Baffin Bay

Note how the change in calibration for conductivity mimics the change in temperature.
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Histograms of Difference – Bottle minus up-cast CTD, assuming that water in bottle comes from depth of bottle 

Note the similarity to the corresponding histogram for down-cast, although both the standard deviation & skewness are smaller
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