NPEO 2010: ISUS (Nitrate) Data Processing


CTD and nitrate data consisting of casts numbered 1-8 were acquired using a Seabird SBE-19plus Seacat CTD system and a Satlantic ISUS V2 nitrate sensor. The ISUS was fitted with a sample volume accessory so that the pumped seawater outflow from the CTD sensors was also pumped through the ISUS sample volume. No ISUS data were acquired for the first cast. For further details concerning cast deployment and CTD processing, consult the file NPEO_2010_CTDs_ReadMe.txt. For further information regarding the fitting of ultraviolet absorption spectra of seawater to obtain nitrate concentrations, consult the Satlantic ISUS instrumentation manual.
The ISUS data were crudely synchronized in time with the CTD data by reading the CTD power-on times from the header of the CTD data files, and by parsing the time stamps of the first ISUS data records. In addition, the difference in ISUS and CTD computer clocks was incorporated (123 seconds) to derive a CTD time record for the ISUS data. This synchronization did not include the advance in time required to account for the lag in nitrate data due to the time it took the seawater to flow from the intake of the CTD sensors to the ISUS sample volume. 


The advance required to precisely synchronize the nitrate record with the CTD data was determined by requiring that the shift in time required to superimpose the downcast and upcast temperature data would be the same as that required to superimpose the advanced downcast and upcast nitrate data. This advance was determined for each cast in several steps as follows. First, the advance in time required to superimpose the downcast and upcast temperature records was determined. (Note, the value for this advance is not applied to the temperature data; the value obtained is used solely as a baseline). Second, the advance in time required to do the same to the nitrate record was determined. Finally, the advance in time actually applied to the nitrate data was determined from the difference of the values found in the second and first steps. The nitrate advances so derived varied between 4 1/4 and 6 1/2 seconds.


Next, the nitrate data were reprocessed by the program ISUSDATAPROCESSOR (IDP) written by Ken Johnson of MBARI. Nitrate data so processed are much less noisy than that directly recorded by the Satlantic ISUS because IDP uses temperature and salinity records to calculate the magnitude of the bromide absorption, whereas in ISUS processing the magnitude of bromide absorption is treated as one of the variables to be fit. Because the bromide absorption overlaps that of nitrate, more accurate nitrate determinations can therefore be made when the bromide absorption is rigorously calculated instead of being allowed to float.


One of the requirements for reprocessing ISUS data with IDP is knowledge of the ISUS calibration water temperature. Unfortunately, this information was not recorded by the factory (Satlantic). Therefore, IDP was run assuming 5 different Satlantic calibration temperatures (5, 10, 15, 20, and 25 degrees Celsius). The results for any particular cast were 5 virtually identical curves which only differed by constant offsets. Since the nitrate sensor data were to be calibrated using the values determined from chemical nitrate analyses from bottle samples for each cast, the same final nitrate values would be obtained regardless of which value of the Satlantic calibration temperature was
assumed. The Satlantic water calibration temperature was therefore assigned to be 20 degrees Celsius for the purpose of reprocessing the ISUS data with IDP. 

The recommended IDP settings (personal communication, Ken Johnson) were used, as follows:
(1)
fit absorption baseline to a line;
(2)
adjust calculated bromide absorption as a function of temperature;
(3)
Start Wavelength for fit: 217 nm (for our 1 cm pathlength ISUS);
(4)
End   Wavelength for fit: 240 nm (for our 1 cm pathlength ISUS).
Upon successful completion of each IDP run, an error-fit parameter is generated, which when less than .0020 indicates an acceptable fit. This parameter ranged from .00067 to .0013 for our casts.

Next, the IDP-reprocessed nitrate data were fit to the chemical nitrate analyses performed on the bottled water samples from each cast. Bottle samples acquired in regions of the water column showing steeply varying nitrate concentrations were not used in the fits. Two kinds of fits were calculated. In the first, a linear regression was performed between the sensor data and the chemical (bottle) data, with however the slope of the regression fixed at 1.0 (this method fits the data by determining the optimal constant offset). In the second, a standard linear regression was performed. 

Finally, the CTD data were binned on 1 meter bins and the nitrate data from both fits were interpolated into the CTD data. The resultant data files are tab-delimited ASCII text files with one header row of column headings and named using Roger Andersen’s convention for the NPEO2010 CTD datafile product:
(no nitrate data for cast 1)

NPEO2010_Nitrate2_NP85E90.txt

NPEO2010_Nitrate3_NP86E90.txt

NPEO2010_Nitrate4_NP90.txt

NPEO2010_Nitrate5_NP88E90.txt

NPEO2010_Nitrate6_NP87_180.txt

NPEO2010_Nitrate7_NP86W173.txt

NPEO2010_Nitrate8_NP89_180.txt

The column headings for these files are:

depth_m

: depth, meters
pres_db

: pressure, db
temp_C

: temperature, degrees Celsius
pot_temp_C

: potential temperature, degrees Celsius

cond_s_m

: conductivity, siemens/meter
sal_psu

: salinity, practical salinity units
sigma_theta

: sigma theta 
ox_ml_l

: oxygen concentration, ml/liter
ox_mg_l

: oxygen concentration, mg/liter
ox_pc_sat

: oxygen, percent saturation
ox_um_kg

: oxygen concentration, micromoles/kg
nit_uM_offset
: nitrate concentration, micromolar, constant offset fit
nit_uM_linreg
: nitrate concentration, micromolar, linear regression fit.

Corresponding to each data file is a pdf file showing temperature, salinity, nitrate concentration, and oxygen concentration as a function of depth. The graphs of nitrate concentration show both the constant offset and linear regression data. The results of all chemical nitrate determinations from the bottled water samples are also shown in the nitrate plots.
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