Assessment of CTD Data from the North Water Project in 1999

Measurements

This cruise has been assigned the Institute of Ocean Sciences cruise number 1999-0039.

Hydrographic profiles were acquired during the International North Water Project using instruments provided by the Department of Fisheries and Oceans through the Institute of Ocean Sciences. Falmouth Scientific Inc (FSI I-CTD) was the manufacturer of the CTD probe and the data acquisition and recording system. Electro-optical sensors for the measurement of light transmission (Sea Tech Inc, now Wet Labs) and chlorophyll fluorescence (same supplier) were mounted on the frame of the rosette sampler and interfaced to the CTD for data acquisition and recording.

Measured data from the transmissometer and the fluorometer have not been included in this processing and assessment activity because scientific expertise to guide their editing and calibration was unavailable. Moreover, it appears that few field data suitable for the calibration of these sensors were collected during the cruise. Raw transmission and fluorescence values have been stripped from the CTD data stream and are stored unprocessed at the Institute of Ocean Sciences. The data are available to investigators interested in undertaking the challenges of editing and calibration.

Background

Because of fundamental oversights in the design of the FSI I-CTD, there is significant challenge in processing the raw measurement of pressure, temperature and conductivity into useful co-registered vertical profiles of temperature and salinity. Problems in data processing arise because the temperature sensor (platinum resistance thermometer) and the large (inductive) conductivity sensor respond to change at very different rates and with complex characteristics. In particular, one component of the response to change that has a very short time constant is aliased by sampling. A second component of the response has a very long (4 second) time constant. The fast-response thermistor carried by the I-CTD is so unstable in calibration that its output could not be used for the calculation of salinity.

The challenge in processing is to filter and delay the original time series of temperature so that the result has a response to change identical to that intrinsic within the measured series of conductivity. If this is not done accurately prior to combining the series in the calculation of salinity, then spurious values of salinity will be computed. These are most likely where temperature and conductivity are changing rapidly with depth. Because time constants are long, spurious values are not isolated spikes but are spread over a vertical domain of several metres. 

Dr Humfrey Melling at the Institute of Ocean Sciences developed the procedure for time compensation that has been applied to the North Water CTD data from 1999 (but not so far from 1997 and 1998). The procedure produces a better product, but not one that can be regarded as state-of-the-art for measurement of temperature, salinity and density profiles. Users should be aware of the following limitations:

· Despite the fact that values are provided at intervals of 0.5 db in pressure, the true resolution of the data is about 10x this value, or 5 db

· The precision of salinity values is dependent on the local gradients in temperature and salinity. The precision is high where water is homogeneous (e.g. bottom waters of Baffin Bay), and lower by an order of magnitude where it is not. 

· Since water samples for analysis by salinometer were acquired only within the upper ocean during cruise 9939, the accuracy of calibration for salinity is limited to the precision in computing salinity from CTD data in this zone. Therefore, accuracy is low by modern standards. 

Assessment Procedure

Detailed information on the editing and processing of the NOW-99 CTD data (under supervision by H Melling, Institute of Ocean Sciences) are summarized in the processing narrative. Melling has examined the processed data files as a group to assess quality using several subjective measures, including:

· Examination of ‘noise level’ in deep waters

· Examination of individual casts as profiles and T-S correlations

· Examination of maximum and minimum values of temperature and salinity in comparison to regional norms and historical data

· Comparison of profiles repeated within a few hours at the same site

· Assessment of T-S correlations for stations grouped by hydrographic section

· Calculation of geostrophic shear for hydrographic sections

Results

Values of pressure at one atmosphere were measured on deck before and after each profile. These values were generally in agreement within 1 db, implying a precision of (0.5 db. Accuracy equals precision at zero pressure. At depth, data values will be less accurate than this. We estimate accuracy at the 95% level within the range (1.5 db. Despite the fact that values are provided at intervals of 0.5 db in pressure, the true resolution of the processed CTD profiles is about 10x this value, or 5 db.

The CTD performed best when in equilibrium with the environment. Precision of measurement under such conditions was assessed using the data from one profile (9939-0104) that extended into the bottom waters of Baffin Bay at 2400 m. Within this water mass, fluctuations in temperature and salinity can reliably be considered a consequence of instrument instability rather than environmental variability. Here virtually all (5-db average) temperature values lay within a range (0.0005(C of the trend line and all (5-db average) salinity values within (0.003. These values define the 95% confidence bounds that represent the precision of the instrument under optimal conditions. 
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The accuracy and precision of the CTD probe when operating in a vertically variable water column is of greater practical interest. In this context we seek values to represent the dynamical response of the instrument. For temperature, we had no corroborative information to guide assessment of accuracy and precision under such conditions. Since the platinum sensor is very stable over time, we assume an accuracy for temperature equal to that of laboratory calibration, namely (0.002(C. We assume a precision equal to that quoted in the preceding paragraph ((0.0005(C). This is a reasonable supposition since we are using averages over 5 m, the temperature sensor is very small and is unaffected by changes in pressure or conductivity. 

In contrast, the conductivity sensor is large (10 cm) and strongly affected by changes in temperature. Twenty-six (26) water samples were analyzed for salinity and used to assess the accuracy and precision of value of salinity from the CTD. All samples were acquired at depths between 130 and 210 m, where vertical gradients were quite strong. The mean correction to salinity from the CTD was 0.021, with 95% of the data falling within (0.03 of this value. The uncertainty in salinity from the CTD (its precision) is thus 10 times larger in typical profiling environments than in homogeneous water. The accuracy of salinity was estimated to be the uncertainty in the mean correction derived from 26 samples, namely (0.008(C at the 95% level.
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Repeated profiles provide opportunity for a subjective assessment of estimates of precision. Profiles were repeated once (sometimes twice) at 17 of the 104 stations. Comparative pairs and triplets are listed:

10-13, 14-15, 16-17, 18-20, 22-23, 24-25, 26-28, 29-30, 31-33, 34-35, 43-45, 61-63, 71-72, 73-74, 75-76, 82-83, 86-87.

Comparison of replicates suggests that individual (5-m average) values of salinity are precise within bounds established by calibration of the CTD using salinity values derived from bottles, namely 95% of values within (0.03 of the true value. 

Temperature-salinity correlations were compared for stations in the following groups defined by hydrographic sections tabulated below. T-S correlations are broadly consistent within sectional groups. However, consistency at the fine-structure level is obscured by the poor precision of the individual 5-m average values of salinity. Fine structure appears in profiles within all sections except that across Smith Sound. It is unlikely that consistency in T-S space can be improved by stronger filtering of the salinity profiles without eliminating the fine structure on the profiles that might be of interest. 

Description
Profile Numbers
Time to complete section

Section at 75.5(N:
 84-93
24 hours

Section at 75.5(N (frontal zone):
 1-9
25 hours

Section at 75.5(N (eastern half):
 94-101
24 hours

Section at 76.3(N (western half):
 41-49
36 hours

Section at 76.3(N (eastern half):
 50-58
23 hours

Section at 77.0(N:
 74-59
66 hours

Section at 77.9(N:
 82-78
37 hours

Section at 78.4(N:
 35-40
48 hours
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Profiles of geostrophic shear have been calculated for pairs of stations within hydrographic sections at 76.3(N, 77.0(N and 77.9(N. These profiles are qualitatively consistent with our knowledge of circulation in northern Baffin Bay. Shear is negligible below 300-m depth and geostrophic flow relative to the 300-m level is generally directed southwards except at shoaling topography close to the Greenland shore. However, the magnitude of geostrophic current ranges from values near 5 cm/s that are consistent with direct measurements of current to values in the 10-40 cm/s range that are not. The largest value of shear (profiles 67 & 68) corresponds to a shoaling of isopycnals by 50 m over 15 km.

The unreasonably large values of geostrophic flow are not associated with unreasonable vertical profiles of temperature and salinity or with anomalous T-S correlations. It is possible that large values of shear are a consequence of an aliasing of the underlying hydrographic structure by internal tides. The time required to complete sections is long relative to the semi-diurnal period. Time series of density derived from moored instruments do contain appreciable variance of semi-diurnal period. There was a 40-70 m displacement of isopycnals over time in one of the instances where hydrographic profiles were re-measured after an interval of 6 hours or more (profiles 18- 20 at site E2).

Consequences for Use of Data

Comparisons of hydrographic observations from the North Water Project with those from other studies will be limited by the accuracy of NOW Project salinity data at approximately (0.01.

Analysis and interpretation of fine structure and interleaving in hydrographic profiles will be difficult because of the poor spatial resolution of hydrographic profiles and the low precision ((0.03) of values of salinity. 

Calculated values of hydrostatic stability and of the vertical gradient of salinity will have low accuracy because of the low precision of salinity measurement. Gradients on a scale less than 10 m will be dominated in most instances by observational error.

If aliasing of hydrographic data by the internal tides is indeed strong, then the hydrographic profiles are probably of no value for geostrophic calculations. This means that estimates for the fluxes of mass, heat, salt and other water properties through the North Water cannot be made using the observations from 2000, or those from 1997-98. 

Internal tides will have a strong influence on derived values for the depth of the surface mixed layer. Estimates of this important variable should be regarded as uncertain within at least (10 m.

Internal tides will have a strong influence on derived values for the salinity and temperature that correspond to depths of water sampling and other oceanographic measurement if appreciable time (> 2 h) has passed since profiling by CTD.

Humfrey Melling

Fisheries and Oceans Canada

Institute of Ocean Sciences

Sidney, B.C.

17 November, 2000
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