Three years of continuous biogeochemical data from a bio-optical profiling float.
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Autonomous profiling floats are extensively used to provide data to physical (circulation) ocean models (Gould et al., 2004). There are currently about 3000 of them roving the world’s ocean, yet their current sensor load is limited to physical variables such as depth, salinity and temperature. As global operational biogeochemical models are coming on-line it is important to collect data that can be assimilated into and test to these models. Such data is currently available routinely from scarce research cruises, a handful of moorings, and satellite ocean color, Float technology could revolutionize this biogeochemical data coverage problem by providing much higher data density then currently available for a fraction of the cost (the hardware associated with the float presented here costs ~25K). Here we provide an example of a novel bio-optical profiling float that measures optical variables that are proxies of phytoplankton pigment mass (via chlorophyll fluorescence) and particulate organic carbon (via particulate backscattering, e.g. Stramski et al., 1999). 
Space-born ocean color satellites provide world-wide coverage of surface phytoplankton pigment mass and backscattering coefficient on scales of a few days and kilometers. These measurements, however, do not extend below a shallow surface layer and are unavailable during cloudy periods. Profiling floats provide subsurface data and surface data under clouds, extending remote sensing coverage in both space and time. In addition, sensor on such float, if proved stable over time, could be used to validate the products derived from ocean color.
APEX Float 0005 has been roving the North Atlantic for three years and has measured 221 1000m-deep vertical profiles of physical and optical properties, one every five days (Fig. 1). The float combines commercially available novel technology (circa 2004) including an auxiliary board integrating the sensors, a miniaturized optical sensor, as well as long-lasting lithium batteries. No noticeable drift is observed in the measurements below 950m and surface optical properties match well with ocean color derived optical properties averaged over one spatial de-correlation scale (7.5km radius) around the float’s surfacing location (Fig. 2). 
An example of the additional information provided by subsurface measurements is the increase in the backscattering coefficient observed in Nov. 2006 (Fig. 2) following the floats crossing of the North Atlantic Current in Sep. 2006. This event was the only occasion for which the whole water column was coherent in particulate backscattering and was associated with an anti-cyclonic eddy observed by an ocean altimeter (not shown). The surface manifestation involves only a small increase in surface chlorophyll and backscattering (Fig. 2). With our available data we cannot explain this anomalous event; the coherence with depth is consistent with fast sinking particles yet a source for such particles is not observed at the surface. This event is reminiscent of eddy-associated large particulate flux events recorded in the Bermuda Atlantic Time Series (Conte et al., 2003) that lacked significant surface manifestation. These events highlight the need for continuous observation of the meso-scale band of the ocean variability which could be responsible for a significant fraction of carbon flux to depth.

The success of Float 0005 opens the route to the design, implementation and testing of more sophisticated floats providing additional data on biogeochemical properties, standing of ecosystem components and rate variables. Given technological advances in sensor technology we envision the deployment of an array of floats capable of measuring, in addition to phytoplankton pigment mass and particulate organic carbon presented here, parameters constraining nutrients and zooplankton concentrations. Such co-located physical and biogeochemical data in conjunction with remote sensing is needed to initialize and constrain (via assimilation and comparison) Nutrient-Phytoplankton-Zooplankton-Detritus models (NPZD, Riley et al., 1949), the cornerstone of ocean ecosystem modeling. 
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References:


Conte, M.H., T.D. Dickey, J.C. Weber, R. Johnson, and A. Knap, (2003), Transient physical forcing of pulsed export of bioreactive material to the deep Sargasso Sea, Deep Sea Res. I, 50(10-11), 1157-1187.

Gould, J., et al. (2004), Argo Profiling Floats Bring New Era of In Situ Ocean Observations, Eos Trans. AGU, 85(19), 185.

Maritorena S., D.A. Siegel and A. Peterson. (2002), Optimization of a Semi-Analytical Ocean Color Model for Global Scale Applications. Applied Optics, 41(15): 2705-2714.

Riley, G.A., H. Stommel, and D.F. Bumpus. (1949), Quantitative ecology of the plankton of the western North Atlantic. Bull. Bingham Oceanog. 12(3):1-169.

Stramski, D., R. A. Reynolds, M. Kahru, and B. G. Mitchell. (1999), Estimation of particulate organic carbon in the ocean from satellite remote sensing. Science, 285, 239-242.

[image: image1.png]Latitude

23 Jan 06
Greenlang
15 Oct 05
Start  Particle 07 Tul 05
Eddy
End
. 29 Mar 05
:
Newfoundland : 19 Dec 04
North Atlantic
Current Crossing
10 Sep 04

0 45 40 35 30
Long?tue




Figure 1. Trajectory of the bio-optical APEX float 0005. 
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Figure 2. Time series of chlorophyll concentration (left panels) and particulate backscattering coefficient (right panels). NASA’s MODIS  satellite and float data from the surface (top panels), mid-water column float data (center) and data from below 950m collected by the float (bottom panels). For chlorophyll we use NASA’s inversion product (http://oceancolor.gsfc.nasa.gov/PRODUCTS/) while for backscattering the GSM inversion (Maritorena et al., 2002). 
