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We will address this question after addressing the specific questions below.

Some specific questions: 

· How does climate influence the variability of recruitment in these systems?

Two key ways in which climate could influence recruitment are via: (i) changes in the seasonal cycle that can impact the timing of biological processes (phenology), such as the spring transition. This could lead to mismatches between the environment, the ecosystem in general and recruitment success of a particular species; and (ii) the influence of large-scale forcing on mesoscale variability, as the latter is an important source of nutrients in all of the GLOBEC regions.

In addition, we provide a matrix of climate indices and regions (Table 1), which shows whether or not climate phenomena (e.g. ENSO, AO, SAM, Sea Ice index etc.), impact the four US GLOBEC regions (CC, GOA, SO and GB).  The grid elements of the matrix will need to be expanded to include characteristic physical and biological processes that are important for each target species and the ecosystem in which they reside.
· What have we learned?  What models (or other approaches to synthesis) exist, or are needed, and of what type?

We can begin to understand many local and regional processes from the individual basin-scale and regional modeling work for different GLOBEC regions. In the pan-regional synthesis phase, the following modeling activities are needed.

· Regional models embedded in climate models (e.g., ROMS in the NCAR CCSM).  Biological models (e.g NEMURO) could be included within the regional models or output from the regional models could be used to drive the biological models off-line.  Such a system can simulate global changes, like those associated with ENSO or global warming, and their subsequent impact on the physics/biology of the GLOBEC regions.
· Drive ocean only models off-line

· Retrospective of GLOBEC years (~1993-2005) -- hindcasts, 

· Choose specific events (striking anomalies), e.g.

· 1997-98 ENSO event 

· 1997-98 low NAO event in the NWA/GB
· Biological events (e.g. blooms)

· Examine predictability for these past events
· 50-year long climatic simulations to examine
· the 1976-77 Pacific regime shift 
· low vs. high NAO periods, ie., 1960s vs 1980s
· phenology – to what extent is the seasonal cycle modified by global change 

· Modeling methods 
· Data assimilation will be an integrator of data and dynamics
· Adjoint methods for sensitivity studies (to initial condition as well as climatic conditions) should be explored. The adjoints can use input on cost function from GLOBEC data sets.
· Model intercomparisons 

· Where are the data gaps?  How might they be filled with existing data taken in other programs?

Data from other field programs will be very valuable for the pan-regional synthesis effort. For example, previous/ongoing programs that have studied upwelling/eastern boundary currents would be very useful for CC/GOA region. Other regions have similar previous/ongoing efforts, including MARMAP, The Canadian GLOBEC, FRAM, CalCOFI, GODAE and ARGO floats. Data collected from these studies can also be used to validate GLOBEC synthesis modeling efforts.

A particular need was identified for assembling state of the art surface fluxes for forcing ocean models (consistent forcing in all regions), which could be achieved by using the large-scale forcing fields from the same data set(s) and then downscaling these fluxes via statistical methods or regional atmospheric models (e.g. MM5).
· What is the predictability of this process and the impact of this predictability on ecosystem based management?

Predictability of a modeling system is scale-dependent. Validating a model and determining its skill should be an important component of the synthesis effort. 

To address the overarching question: “What are the opportunities for Pan-Regional Synthesis that can be answered by comparing and contrasting systems?” 

Theme areas where we found opportunities for PRS (stated as questions)

· What is the impact of local forcing vs. remote influences in different regions (will depend on size of the regions)?
· What is the role of cross topographic exchange, i.e. deep verses shelf sources, in the different regions?
· How does climate/circulation set up ecosystem/habitat boundaries and do fluctuations in climate impact these boundaries?

· How does local/remote fresh water input influence (buoyancy) boundary currents and their variability?

· What is the nature of the inherent variability in the atmosphere, ocean, and biology in the absence of the variable forcing?  How do nonlinearities in the physics affect ecosystem variability? To address this last question, one might perform ensembles with the same forcing.

Priorities for synthesis: (i) addressing the linkages of the climate-circulation synthesis matrix, particularly using coupled climate/ecosystem models and (ii) investigating how the climate/circulation set up ecosystem/habitat boundaries and how fluctuations in climate impact these boundaries  (iii) phenology.
Table 1. Matrix of Climate Phenomena (patterns/indices) and a qualitative assessment of their impact on GLOBEC Regions
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S  - Strong; 
M – Medium;
   W – Weak

Where: ACW - Antarctic Circumpolar Wave; AMO – Atlantic Multidecadal Oscillation;  AO – Arctic Oscillation; NAM - Northern Annular Mode:  AAO – Antarctic Oscillation;

SAM – Southern Annular Mode; PDO - Pacific Decadal Oscillation; IPO – Interdecadal Pacific Oscillation; ENSO – El Niño/Southern Oscillation; MJO – Madden and Julian Oscillation; NAO - North Atlantic Oscillation; WP - West Pacific pattern; NPO- North Pacific Oscillation

Note there is some debate in the climate community about the physical meaning of these modes or indices.  For example, some think the NAO and the AO are one in the same.  

Additional climate indices could also be developed that are more biological relevant.  For example, one could regress climatic fields on variables such as upwelling (particularly in the California Current System), meso-scale activity, productivity, biomass, etc. or use indices based on atmosphere/ocean dynamic measures, such as storm track strength and location or wind stress curl. 
