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(B) The standard deviation of samples measured between different runs: 
PO4:  0.005 uM 0.24% of full scale value 
NH4:  0.021 uM 0.19% of full scale value 
NO3 +NO2: 0.043 uM 0.16% of full scale value 
NO2:  0.003 uM 0.16% of full scale value 
 
 
 
 

 
Vertical turbulence and POC 

- Elena Jurado and Anneke Doeschate – 
 
Microstructure measurements with SCAMP 

During the cruise, high-resolution vertical profiles of temperature, pressure (depth), conductivity, 
fluorescence, and PAR (Photosynthetically Active Radiation) of the first 100 m of the water 
column have been measured with SCAMP, a free-fall microstructure profiler. Compared to the first 
STRATIPHYT cruise, we have used a new SCAMP device (SCAMP SN61), equipped with 
additional sensors for fluorescence and PAR. We have also brought the SCAMP device from the 
first cruise, SCAMP SN43, as a spare instrument. Bringing two SCAMPs was a benefit, due to the 
frequent technical problems encountered with the instrument.  

Sampling procedure 

 
We performed 2 to 14 SCAMP casts in each station, during the time period from 11h to 15h (see 
figure below). The total number of casts in this cruise is 214, about one fourth more than the first 
STRATIPHYT cruise. Few casts were performed when the SCAMP had a failure, adverse 
environmental conditions, or shortening of the sampling time for external reasons.  
 

 
Figure legend. Number of SCAMP profiles per day during the STRATIPHYT-II cruise. 
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The maximum depth reached by the instrument was not always 100 m because the compromise 
between the need to obtain a large number of profiles and the tendency of the instrument to drift 
away from the ship due to its slow falling velocity. Furthermore, parts of the beginning and end of 
the profiles had to be trimmed, due to the influence of the waves, currents, or other phenomena that 
generated a large variability in the falling speed of SCAMP. This falling speed should be constant 
and equal 10 cm/s, so that the measures are more credible. 10 cm/s was hard to obtain, generally the 
SCAMP descended in the water between at around 15 cm/s.  
As in the first STRATIPHYT cruise, the instrument was deployed with the fly-winch, property of 
NIOZ, with longer rope than the one provided with the SCAMP. It allowed to measure deeper 
depths, and permitted an easy recovery from the deck. 
 

After each cast, the data was uploaded in a computer. After each scamp session, consisting in a 
group of casts from roughly 11h to 15h, the data was post-processed. The post-processing consists 
in a number of trimming, filtration, smoothing, and binning (1 m bins) procedures, plus the 
derivation of essential turbulent quantities. In this report we focus on the following turbulent 
quantities: the temperature eddy diffusivity (KT), or vertical mixing coefficient of temperature, and 
the turbulent kinetic energy dissipation rate (ε). KT proportionately reflects the effects produced by 
eddies from all other levels on the variation of the temperature at a certain depth level. ε represents 
the rate at which kinetic energy is lost by molecular viscosity  and appears as thermal energy.  

Obtained data 

 
In the following picture (see figure below), are shown the typical variables measured with the 
SCAMP and averaged over the 15 profiles recorded at the station 5 the 13th April. Besides 
temperature (T), salinity (S), fluorescence (Fluor) and Photosynthetically Active Radiation (PAR), 
Figure 2 shows derived quantities such as density (ρ) and the buoyancy frequency (N). The latter is 
indicative of the stratification strength of the water column. As a general tendency, more 
stratification indicates less mixing. 
 
 

 
Figure legend. Depth-binned (blue dots) and station-averaged (larger black dots) temperature (T), 
salinity (S), buoyancy frequency (N), density (ρ), fluorescence (Fluor), and PAR recorded by 
SCAMP at the station 5 the 13th April. 
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In this figure, the surface mixed layer is indicated by the continuous part of the temperature and 
salinity profiles, and it extends up to 40 m depth. Just below the mixed layer, occurs the 
thermocline, where also the buoyancy frequency N has a maximum. In the mixed layer, the 
temperature eddy diffusivity KT is also large (see figure below) indicating a strong mixing in this 
layer. The energy dissipation rate ε, more uniform than the KT, is also somewhat larger in the 
mixed layer, and presents an increase towards the surface due to surface-waves' related turbulence. 
Both turbulent quantities present similar vertical trends agreeing with the results of the previous 
cruise STRATIPHYT-I. The magnitude of ε is larger than in the previous cruise, which took place 
in August. In the period of STRATIPHYT-II, the large convective events of the winter have a 
stronger print.  
 

 
Figure legend. Depth-binned (blue crosses) and station-averaged (thick line) temperature eddy 
diffusivity (KT), turbulent kinetic energy dissipation rate (ε) recorded by the SCAMP at the station 5 
the 13th April. 
 

 
Overview of the STRATIPHYT-II cruise and comparison to the values in STRATIPHYT-I cruise 

From a first analysis, the results in this STRATIPHYT-II cruise indicate a major mixing than in the 
STRATIPHYT-I cruise (Figure 4) and also a lower stratification of the upper 100 m of the ocean. 
We do not perceive a uniform decrease of stratification below the mixed layer, as observed in the 
first cruise. Instead, the stations present more sparse mixing situations. Furthermore, 
STRATIPHYT-II presents two well-distinguished types of stations in terms of mixing. The first leg 
(stations from 0 to 17) present mixed layers of less than 100 m, the second leg (stations from 22 to 
32) present mixed layers of more than 100 m (see figure below). It agrees with the transition from 
permanently stratified stations in the lower latitudes to seasonally stratified ones in the northern 
latitudes. 
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Figure legend. Depth-binned profiles of temperature eddy diffusivity (KT) in the STRATIPHYT-I 
and STRATIPHT-II cruise. Dotted vertical lines delimit the sampling stations, and the number of 
the station is shown at the top of the figure. The mixed layer depth (MLD), according to Levitus 
[2000] criteria, is also plotted. No MLD is plotted when it exceeds 100 m depth. 
 
The second cruise offers us a unique opportunity to compare the fluorescence measurements with 
the turbulent quantities, both measured by SCAMP. The fluorescence measurements are a rough 
indicator of the chlorophyll a concentration, and thus of the phytoplankton concentration. A first 
look on the profiles of fluorescence points out to a relation with the turbulent mixing. The 
fluorescence tends to be higher in regions where the mixing is lower (see figure above and below). 
In certain stations, however, the fluorescence peaks in the mixed layer, in the region of more 
mixing. In addition, and in the first leg, the stratified region below the mixed layer acts like a 
barrier to the phytoplankton distribution, and may contribute to prevent the phytoplankton to spread 
upwards or downwards (see figure below). Further research, and the connection to the nutrients 
distribution, needs to be done in that direction. 
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Figure legend. Depth-binned profiles of fluorescence. Relative units of in situ fluorescence. The 
highest fluorescence value of 2 V corresponds to a chlorophyll a concentration of ∼ 0.6 µg/L 
(station 17, 12 m depth, linear scale).  
 
CTD measurements. At every station, two to five CTD casts were done. We analyzed them in 
order to calibrate the SCAMP and to have information of the physical properties of the water 
column below 100m. The CTD measures conductivity, temperature, depth, fluorescence, and PAR 
(Photosynthetically Active Radiation) down to 500 m and with a vertical resolution of 25 
centimeters. Here we focus on the PAR and on the mixed layer depth, the latter derived from the 
temperature profiles. 
 

PAR (Photosynthetically Active Radiation) is a subset of the total solar irradiance; it comprises the 
radiation with wavelengths between 400 and 700 nm. From the PAR distribution in the water 
column, we have derived the mixing depth constant, Kd [m-1], which describes the rate of 
attenuation of visible light in the water column. It is obtained from the PAR profiles, by plotting the 
natural logarithm of the values against depth. The slope of the best-fit line is the Kd.  

Photosynthetically Active Radiation (PAR) 

The figure below shows the Kd value for each CTD cast and for all the stations. Those will be used 
by STRATIPHYT-sub2.  
 

 
Figure legend. Kd values determined from the PAR data of the CTD casts. Each data point is a 
different cast.  
 

Station nr 
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Three criteria for the definition of the mixed layer depth (MLD) are explored: 
Mixed layer depth (MLD) 

(1) The traditionally used Levitus difference criterion (Levitus et al. 2000): ∆T=-0.5 °C from 
surface temperature. (2) the Montegut difference criterion (Boyer Montegut et al. 2004): ∆T=-0.2°C 
from the temperature at 10 m depth. (3) the Lorbacher curvature criterion (Lorbacher et al. 2006): 
the first local extreme value of the curvature of the temperature profile.  
From the temperature profile of each CTD cast, three MLD are calculated, according to the 
different criteria. Figure 7 presents the MLD for each CTD cast, upon an image showing the 
fluorescence. It clearly shows that the three criteria do not converge into a single MLD.  
Additionally, the figure below indicates that there is a clear difference between the first and the 
second leg of the cruise. In the first leg, stations 0 to 17, mixed layer depths are found in the upper 
100 m of the ocean. From station 18, the MLD is deeper than 100m.  

 
Figure legend. Fluorescence in the first 200 m as measured during the CTD casts. The MLD is 
additionally plotted, according to the Lorbacher (white), the Levitus (black) and the Montegut 
criteria (red) 
 
* * References. Boyer Montegut, C. de, G.Madec, A.S.Fischer, A.Lazar, D.Iudicone (2004). Mixed layer depth over the global 
ocean: an examination of profile data and a profile-based climatology, Journal of Geophysical Research, vol. 109 
Levitus, S., J. Antonov, T. Boyer, and C. Stephens (2000). Warming of the world ocean, Science, 287, 2225–2229. 
Lorbacher K., D. Dommenget, P.P. Nijler, A. Kohl (2006). Ocean mixed layer depth: A subsurface proxy of ocean-atmosphere 
variability, Journal of Geophysical Research, vol. 111 
 
 
Particulate Organic Carbon (POC), Particulate Organic Nitrogen (PON). 

 

One litre of water sample 
at 10 m depth has been taken from the 8h CTD cast. This water sample has been used to do 
determine both Particulate Organic Carbon and Nitrogen (POC/PON) by vacuum filtration through 
GF/F filters of 0.7 µm. These measures will be used to validate satellite measurements of ocean 
colour.  

 
 


