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The breakout session looked at time-series of Sea-Surface Temperature (SST) and Ocean Color (OC) products and their scientific applications. Issues and challenges associated with these time-series and/or their future development were also discussed as well as their possible qualification as Climate Data Records (CDRs) and/or Earth System Data Records (ESDRs). The needs and wishes of the carbon cycle and ecosystems communities and modelers were also discussed. Serious concerns about the future of the ocean color products time-series were raised. These discussions are summarized below.

First, the participants emphasized that Ocean Color is not just Chlorophyll concentration (CHL) but that various other products derived from remotely sensed water-leaving radiances are now available and extremely useful to address many scientific questions about the ocean. Inherent Optical Properties (IOP), Colored Disolved Organic Matter (CDOM), Diffuse attenuation coefficients (Kd), Fluorescence, New Primary Production (NPP) and emerging new products like Phytoplankton Functional Types (PFT) or Particle Size Distribution (PSD) are essential to understand many biogeochemical aspects of the ocean. SST and OC time-series products are important variables for science and applications in

· Climate variability, trends

· Weather and ocean forecasting

· Ocean and atmospheric models (forcing, data assimilation and validation)

· Primary Production

· Carbon budget

· Heat transfer 

· …
SST and OC time-series

There are important differences between the SST and OC time-series. The SST time-series is more than 20 years long, the mission-to-mission bias issue has been solved and there is a huge amount of validation data (lots of floats). On the other hand, the OC time-series is more recent (11 years) and started during an El Nino-La Nina event which makes it difficult to assess whether the CHL and NPP data show a return to the pre-El Nino state or something different. The OC time-series is quite young and relatively short (definition of CDR specifies “…a time series of measurements of sufficient length…”). Validation data are also much more difficult to get for OC than for SST and biases among sensors is not yet corrected for. 

Modelers needs and whishes

Modelers are not merely interested in time-series for carbon cycle, they are interested in the biology of the ocean, ecosystem functioning and trophic state. Modelers are interested in other OC products than CHL to better constraint their biogeochemical models. Modelers believe they can build better models by assimilating OC data. Modelers are interested in some of the new or recent products derieved from OC data such as IOPs, PFT or PSD. What matters is carbon and models would have great use of phytoplankton functional types. Biology models predict C not CHL. One issue is that carbon components (Detrital carbon (CHN), DOC, DIC ) are not consistently well measured in the field. PFT and PSD products are now available but modelers and other potential users don’t know where to get the data. 

Carbon cycle and ecosystems modelers have a wish list:

Phytoplankton functional groups

Particle size distribution

Carbon Biomass

Surface Nutrients

Export of Carbon out of Mixed Layer

C:CHL

Calibration and Validation Issues

Instrument characterization and calibration and data products validation are essential processes for the development of CDRs or ESDRs. These activities must be sustained for SST and OC throughout missions. Validation of OC products is not easy. Sea truth data are often rare or lacking for recent new OC products. Validation of products is not always well defined. How and when can a product be considered validated ? Where does it start and stop. How many data points do you need to validate a product ? It may take many years for some products to be validated. High resolution simulations can help to determine how many observations are needed but not much of that has been done. How many “MOBYs” are needed ? It’s difficult to collect enough in situ data to capture the spatial and temporal variability of the ocean. Proposal for Argo floats with OC radiometers exist. Validation is a challenge for a lot of OC products. Cal/Val does not exist for some products. Characterization, Calibration and validation activities must be sustained for SST and OC throughout missions. Long-term validation, by a suite of sensors, can best be achieved if each has traceability to a National Reference Standard (easy for thermometers, not always easy for radiometers). For time-series, it is best to have overlap of missions of at least a year.

CDRS and ESDRs

SST probably qualifies as CDR. For OC products things are more complicated. Lots of questions were raised. Should CDRs differentiate between what is actually measured (e.g. radiances) and what is derived from these measurements ? If that is the case then radiances (normalized water-leaving radiances or TOA radiances) should be the OC CDRs. By the official definition radiances would be FCDRs and the products derived from them would be TCDRs. What should be the status (CDR, ESDR,…) of a product which is not fully validated against in situ data ? Most of the current OC would probably not qualify as CDRs. List of OC products is long but list of OC CDRs is short (because no validation) and most of the rest will be ESDRs (at least at first). High Cal/Val is needed for climate research. In situ data used in validation should be metadata for CDR/ESDRs. List of data records may depend on questions you want to answer.

VIIRS

There are some very serious concerns about the quality of the data that will come out of VIIRS. On top of data quakity issues, it seems that reprocessings are not planned for VIIRS. It does not seem possible to develop OC CDR without reprocessings. The VIIRS record needs to be fixed or it will be useless for climate research. The participants recommand that VIIRS is being evaluated as well as its reprocessing capability. If there are no reprocessing for VIIRS, the US time-series for OC stops at SeaWiFS-MODIS.

Recommendations
Continue the development of high-quality ocean color (and not just CHL !) and SST time-series. 

SST, spectral radiance (or TOA radiance) and possibly CHL are best candidates for CDRs. Most other OC products likely to become ESDRs.

There is an urgent need to evaluate VIIRS and have it fixed if possible. It also absolutely needs to have a reprocessing capability.

