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Introduction and Objectives:

The objectives of this first meeting were to: (1) Agree on how to define PFTs; (2) Agree on a possible comparison of the existing methods of detection; (3) Discuss the improved methods in the future.
Participants were reminded that IOCCG reports are no only used by scientists but also by space agencies, to help select the technical design of future instruments.

Session 1: What are PFTs and why are they important?

The three presentations in this session clearly demonstrated the extremely variable role of the main PFTs with respect to primary production and climate change, as well as the importance of their detection from space for a wide range of studies, from the monitoring of regional harmful algal blooms (HAB) to the validation of global biogeochemical ocean models (Clementson, Sosik, Le Quéré). The definition of PFTs was one of the most debated questions during the meeting. 

By definition, PFTs are groups of phytoplankton species that have in common a specific function with respect to the scientific question being addressed. However, for biologists working on marine ecosystems at both global and regional scales, phytoplankton are classified by their pigment composition and not by their function. For example, diatoms are characterized by their high fucoxanthin content, which can be measured by HPLC techniques, and not because they are the only cells to use silicates for their skeleton. The functional approach is, however, sometimes used in regional or local studies about HABs, which is undoubtedly a PFT.

For people interested in the global ocean primary production and C-cycle, three PTFs can be of sufficient refinement for current applications (Uitz; phytoplankton species are given in italic):

· pico-phytoplankton (< 2 µm) [Chlorophytes, Prochlorophytes, Prochlorococcus and Synechococcus]

· nano-phytoplankton (2-20 µm) [Chromophytes, Nanoflagellates, Chryptophytes]

· micro-phytoplankton (> 20 µm) [Diatoms, Dinoflagellates]

Despites the fact that these three types are characterized by their size, they are actually functional types with respect to global primary production: the pico-phytoplankton is essentially associated with recycled production, whereas the blooms of micro-phytoplankton generate mostly new production and export large amounts of organic matter towards the deep ocean. 

For global biogeochemical and climate change studies, such a classification turns out to be too simple, and six PFTs are required (Le Quéré; phytoplankton species are given in italic):

· Pico-autotrophs [Chlorophytes, Prochlorophytes, Prochlorococcus and Synechococcus]

· N2-fixers [Trichodesmiums and N2-fixing unicellular prokaryotes]

· Calcifiers [Coccolithophorids]

· DMS-producers [Phaeocystis and small autotrophic Flagellates]

· Mixed [autotrophic Dinoflagellates and Chrysophyceae]

· Silicifiers [Diatoms]

It is interesting to note that among these six types, two are not really “functional” (pico-autotrophs and mixed) since they correspond to background (or non-blooming) phytoplankton defined by their size, and are thus somewhat similar to the pico- and nano-phytoplankton, respectively. The ambiguity between phytoplankton size and function was raised several times during the meeting.  The conclusion of this session was that the definition of PFTs depends strongly on the application and is susceptible to change with time for a given application (for example with the increasing complexity of biogeochemical models).

Session 2: What do we currently do to detect PFTs from space?
During this session, most of the existing methods to detect PFTs from space were presented. Analytical methods are based on the inversion of the spectrum of water-leaving reflectances to retrieve phytoplankton optical properties that allow the identification of one or several PFTs. In contrast, empirical algorithms directly associate a PFT to a given chlorophyll value or to a given anomaly of the spectrum of water-leaving reflectances.

We discussed a possible comparison of these different methods, and essentially agreed on the following exercises:

· Compare global maps of PFTs, preferably monthly or seasonal means, or at least annual means for the methods that produce global data (Moulin, Uitz, Ciotti).

· Compare regional maps of PFTs from global methods with PFT maps obtained with one of the regional algorithms (NW Atlantic for Devred, Benguela upwelling for Aiken, Brazil current for Ciotti).

· Apply the various methods to a validation dataset that should contain both the spectrum of water-leaving reflectances as well as pigment inventories.

We have to think again about what can be reasonably achieved in terms of comparison within the framework of this report (see also the mail of Shubha).
Session 3: Why do we see PFTs from space?
All existing analytical methods to detect PFTs rely on changes of the absorption coefficient a() of phytoplankton with cell size or species composition. Using a few wavelengths, such as those provided with current ocean-colour sensors, it is possible to retrieve a size parameter (Ciotti, Devred), whereas using hyperspectral measurements, it seems possible to discriminate between several phytoplankton species or functional types (Roesler, Craig). However a major question remains about the optical effects that modify the spectrum of water-leaving reflectances with PFTs. We know that changes in pigment composition imply subtle modifications of a() that should affect the spectrum of water-leaving reflectances, but changes in the backscattering coefficient bb() of PFTs can also modify the water-leaving reflectance spectrum. In contrast to a(), in situ measurements of bb() are still very sparse so robust radiative transfer computations cannot be performed. This problem is associated with another uncertainty concerning the observed spectral anomalies of the water-leaving reflectance (Moulin), which is not consistent with radiative transfer computations. To summarize, it is currently difficult to know whether measured anomalies of the spectrum of water-leaving reflectances are related to the pigment composition, or to the PFT specific inherent optical properties (a and bb) or the bulk optical properties of the ecosystem (including detritus, cdom,…) in which a PFT prevails. Note that this difficulty prevents us from providing the desired radiometric accuracy of a space borne hyperspectral radiometer because we do not yet know whether we should look for subtle changes in the water-leaving radiance due to pigment absorption, or whether we should detect “large” changes in the water-leaving radiance due to bulk ecosystem properties.

Conclusions and Perspectives:

This first meeting was very fruitful because it brought together specialists in different fields with different perspectives and points-of-view. The discussion about the definition of PFTs was particularly interesting and demonstrated that there is no single answer to this question. This first meeting was also very important because the main PFT detection techniques were presented, so that all WG members have a better understanding of the similarities and differences between the various algorithms. Finally this meeting raised a lot of questions about the optical phenomena that determine the spectral variability of the water-leaving reflectance from one PFT to the other.

Finally, we have agreed on the structure of the future report:

· Chap. I: What PFT for what purpose (Heidi, with the help of Lesley and Corinne)

· Chap. II: PFTs and IOPs (Collin, with the help of Susanne and Dariusz)

· Chap. III: Existing PFT algorithms (Cyril, with the help of Julia, Emmanuel, Aurea, Jim, Collin)

· Chap. IV: Comparison of existing algorithms (Cyril, with the help of Julia, Emmanuel, Aurea, Jim, Collin)

· Chap. V: Future improvements (Shubha with the help of all)

Since most WG members will attend the Ocean Optics conference in Montreal in October, we decided to organize our second meeting during this conference. For this meeting, it would be good to have a presentation by each chapter leader, with a relatively detailed summary and a list of actions. We shall discuss again the possible algorithm comparisons and the optics of PFT, hopefully with Shubha, Darius and Hervé.

Specific actions:

· Contact people at NASA to see if there is a subset of the NOMAD dataset that contains both reflectances and HPLC measurements (Heidi).
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Thursday 6 July

10h00
Welcome and Coffee

10h15
Introduction and Objectives (C. Moulin)
10h30
What are PFTs and why are they important?


- Biological point of view (L. Clementson; 15’)


- Role of PFTs on primary production and C-cycle (H. Sosik; 15’)


- Modeling point of view (C. LeQuéré; 15’)


- Discussion (in situ datasets, assimilation…)

Objectives of the session

- Define the major PFTs and propose a common terminology.

- Summarize the interest of the identification of PFTs from OC for chlorophyll and primary production estimates.

- Examine how PFTs derived from OC can be meaningful for the validation/improvement of global biogeochemical models.

12h30
Lunch

14h00
What do we currently do to detect PFTs from space?


- Analytical algorithms (C. Roesler, A. Ciotti, E. Devred; 15’ each)


- Empirical algorithms (J. Uitz, J. Aiken, C. Moulin; 15’ each)


- Discussion (PFT vs. size, regional vs. global, empirical vs. analytical…)

Objectives of the session

- Review existing techniques/algorithms to detect PFTs from marine reflectance: from radiative transfer simulations to empirical relationships.

- Agree on a reasonable way to compare (some of) these various algorithms on selected case studies and at different scales.

18h00
End of the first day

Friday 7 July

9h30
Why do we see PFTs from space?


- Specific IOPs of PFTs (S. Craig; 15’)


- Impact of IOPs on the marine reflectances (C. Moulin, C. Roesler; 15’ each)


- Discussion

Objectives of the session

- Summarize our current understanding of the physics of PFTs identification from OC: from cell size and pigment composition to inherent optical properties (IOPs) and to marine reflectances.

- Identify future research in optics needed to improve the analytical algorithms.

12h00
Lunch break

13h30
Conclusions and Perspectives

Objectives of the next meeting (in December at the AGU Fall Meeting in San Francisco?)

- Agree on recommendations about which studies and/or measurements are needed to (1) better understand the relationships between marine reflectances and PFTs, (2) validate the PFT products, and (3) further improve the algorithms.

- Agree on recommendations about the specification of future OC sensors to improve PFT identification.

- Agree on individual contributions for the report.

15h00
End of the meeting
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