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When GODAE was organized a decade ago, one of the basic motivations was to demonstrate in an operational setting the impact of having timely access to data from global ocean observing systems funded by research agencies, and depending on that impact, to develop a rationale to justify the transition of funding for those systems from the research to the operational agencies.  Ideally, once the utility of observations had been demonstrated, the operational agencies would incorporate support for those observing systems into their ongoing program, thereby providing an avenue to sustain their support and make them operational.    

This paper is focused on satellite systems for observing the global oceans when viewed in the context of this basic motivation behind GODAE.  It examines the transition process for their becoming operational and is organized around answering the following set of questions:

1. What is the status of satellite systems capable of observing the global oceans?

2. How can we sustain capabilities for observing the global oceans? 
(1) How do we establish an operational infrastructure for observing a single oceanic parameter? 

(1) Are there parameters for which we have already established an operational capability for observing the global oceans?
(1) What challenges do we face in our efforts to secure new funding to establish additional operational systems?
3. Looking to the future.
1.  What is the status of satellite systems capable of observing the global oceans?

The research and development space agencies have made great progress, and we have come far; looking back over the past decade and into the foreseeable future, we have and/or will have existing spaceborne capabilities to observe a variety of parameters that are briefly described below. 
· Ocean surface topography (OST).  For more than a decade and half we have had a continuing capability to observe the ocean surface topography (or sea surface height), as well as significant wave height, as determined from satellite altimetry.  Precision altimetry, initiated by TOPEX/Poseidon (T/P) in 1992 and being continued by Jason and Jason-2 (launched in 2008) today, has provided a continuous climate record of sea level; and a Jason-3 and Jason-CS (launch in 2013 or later) have been proposed as operational follow-ons to provide continuity of these observations in the future.
During this period, the additional coverage offered by two or more complementary altimeters – ERS-1, ERS-2, GFO, and ENVISAT – has enabled resolution of ocean weather or mesoscale.  This coverage will be extended in the future by altimeters that are in development – Cryosat-2 (launch in 2009), HY-2A (2010), SARAL (2010) and Sentinel-3A (2012).  And further into the future, the following altimeters are proposed for development – HY-2B, Sentinel-3B and GFO-2.  The next major advance proposed in altimetry will be coverage by a wide-swath altimeter (or alternatively a constellation of altimeters) that is able both to maintain the climate record and resolve the mesoscale field.  
· Ocean surface vector winds (OSVW).  For more than a decade and a half, we have had continuing observations – albeit with varying degrees of spatial coverage – of the surface vector wind field over the oceans as determined from scatterometry.  These began with the AMI/ERS-1 launched in 1991; were extended using ERS-2, NSCAT/ADEOS and SeaWinds/ADEOS-2; and in 1999 continuing wide-swath coverage has been provided by SeaWinds/QuikSCAT.  In 2006 continuing, operational coverage was initiated with the launch of ASCAT/Metop-A in 2006.  Coverage will be extended in the future by scatterometers that are in development – Oceansat-2 (launch later in 2009), HY-2A (2010), ASCAT/Metop-B (2011), CFOSAT (2012) and ASCAT/METOP-C (2015).  And further in the future, the following scatterometers are proposed for development – HY-2B and a two-frequency QuikSCAT follow-on (to resolve the rain/wind ambiguity that NOAA proposes to fly on the JAXA GCOM-W2).
· Sea surface temperature (SST).  For a couple of decades, continuing observations of sea surface temperature observations, to varying degrees of accuracy, have been provided by infrared radiometry (IR).  These systems have included both polar-orbiting – AVHRR, ATSR/ERS-1/-2 and AATSR/ENVISAT – and geostationary satellites
 – GOES, MSG and SEVIRI.  There are a number of systems in development – VIIRS/NPP (launch in 2010), VIIRS-NPOESS/C1 (2013) and SLSTR/Sentinel 3A.  And SGLI/GCOM-C1 and SLSTR/Sentinel-3B are proposed.  
Continuing coverage with microwave radiometry (MR) – offering an all-weather capability compared with IR, but with a much coarser spatial resolution – have been available from TMI/TRMM (launch in 1997) and then AMSR-E/Aqua.  AMSR-2/GCOM-W1 (2011) and MIS/NPOESS C-1 (2013) are in development, and AMSR-2/GCOM-W2 has been proposed.
· Sea ice cover.  For three decades, continuing observations of sea ice cover, as well as sea ice drift, have been provided by MR, complemented more recently by scatterometry, and – with finer spatial resolution, but narrower coverage – synthetic aperture radar (SAR).  MR coverage was initiated by SMMR in 1978, and has been continued by SSMI (first launched in 1987 & SSMI/S on DMSP), with a number of systems in development – VIIRS/NPP (2010) and MIS/NPOESS C-1 to provide ice concentration, ice age and ice temperature.  Additional systems noted above for MR-derived sea surface temperature should be included here.   

· Ocean color.  Continuity of the ocean color climate record was initiated by SeaWiFS in 1997 and is being continued with MODIS/Aqua, MERIS/ENVISAT, COCTS/HY-1B and several others.  The following are in development: OCM-2/Oceansat-2 (2009), VIIRS/NPP (2010), OLCI /Sentinel-3A (2012).  In addition, SGLI/GCOM-C1, SLSTR/Sentinel-3B and HY-1C are proposed for development.
· Gravity.  Observations of the Earth’s gravity field have been provided by GRACE (launch in 2002) and they will also be coming from GOCE whose launch is imminent (in 2009).   The development of follow-ons to these missions are under consideration.      
· Sea surface salinity.  Microwave radiometry will be used to collect the first observations of sea surface salinity when SMOS is launched in 2009 and Aquarius in 2010.  Follow-ons to these missions will to a large extent depend on the performance of these initial demonstrations. 
2.  How can we sustain these existing capabilities for observing the global oceans?  

While new developments are certainly needed – such as finer spatial resolution, broader coverage and increased accuracy – sustaining existing capabilities for observing the global ocean in the future will become increasingly dependent on operational agencies assuming responsibility to develop a corresponding operational infrastructure – a systematic and sustained capability that builds on the successes realized by the research agencies.  
2. a.  How do we establish an operational infrastructure for observing a single oceanic parameter?  

Given a parameter for which there is a need and a perceived beneficial impact, what sequence of steps needs to be taken to develop an operational infrastructure for observing that parameter?  
(1) Demonstrate its technical feasibility in space – that the system can observe the parameter in question. 
(2) Demonstrate its scientific utility – that the observations can be observed with sufficient accuracy to be useful scientifically.   
(3) Demonstrate its operational utility – that an operational agency, given timely access to such observations and the capability
 to utilize them, can demonstrate they can have a significant impact on meeting its mission need. 
(4) Demonstrate success in the budget process – that the operational agency in question, working within its fiscal and political environment, is able to secure the resources required to implement that observing system on a continuing basis – and not just a one-shot mission.
Establishing an operational infrastructure for the given parameter requires the successful completion of this sequence of steps.  In so doing, implicit in this sequence is a close and continuing collaboration as the support for the corresponding observing system makes the transition from a research agency – being responsible for steps (1), (2) and a little of (3) to an operational agency – being responsible for leading in step (3) and being fully responsible for all of (4).
This process requires justification – convincing the government supporting that operational agency of the potential impact or value, in terms of societal relevance, of the data collected by a given observing system.  Note that some impact can be expressed in more immediate and quantifiable terms, like how much a weather forecast is improved – where impact is realized within hours to days of the time when a given set of observations have been collected.  However, some are expressed in terms of the parameter’s role in the climate system; while we are being impacted by climate change today, the specific impact of the collection of a given set of observations to assess or quantify that parameter’s role in climate may not be realized for years to decades.  Both will require successful competition in the agency’s fiscal environment to secure the resources required for implementation, but the latter will of necessity require political appreciation of the importance of addressing climate change
2. b. Are there parameters for which we have already established an operational capability for observing the global oceans?
· Which can we say have been operationalized?  These are the only two apparent examples of ocean observing systems on polar-orbiting satellites for which we have developed a corresponding operational infrastructure that includes satellites being implemented on a continuing – vice a one-shot – basis. 
· SST from the AVHRR on the NOAA POES and EUMETSAT Metop series (as well as instruments on geostationary satellites like SEVIRI/MSG).  This has resulted from a long series of AVHRRs in space, a series justified and supported for the most part
 by the operational meteorological community based on its need for a lower boundary condition for the atmosphere.
· OSVW from ASCAT on the EUMETSAT Metop series.  This has resulted from the flights of the AMI/ERS-1, -2 and based on the experience gained with the operational use of their data.  Demonstrating operational impact based on weather applications was straightforward; the in-house vertical integration (research-to-operations) within ECMWF facilitated demonstrating that impact; and there was little or no development cost to implement what essentially was a clone of that which flew on ERS-1, -2.  Metop is planned as a three-satellite series, with a follow-on series now in planning.  Metop-A is currently flying with Metop-B in development as its successor. 
· What is in the process of being operationalized?  It is helpful to subdivide these missions into two general groups, one group more focused and justified more on the basis of observing a single parameter and the other on multiple parameters, more multiple purpose than the first.  
(1) Single-parameter missions – Note that at the time of this writing (January 2009) these two single-parameter missions have not yet bee approved for development. 
· OST for climate applications.  EUMETSAT and NOAA are proposing a joint Jason-3 mission to extend the climate record sea level, building on CNES/NASA T/P and Jason-1/-2.  While a Jason-3 would be the third of a three-satellite series, planning is underway for Jason-CS, a new series to follow Jason-3.  

· OST for mesoscale applications.  The U.S. Navy is proposing GFO-2, an operational follow-on to its GFO.  But while it has been using GFO data operationally for several years, it is proposing GFO-2 as a single-shot follow-on.
(2) Multiple-purpose missions – Note that each of the following is planned as a series of satellites.  While all are working to establish a series of missions, only the first, NPOESS, is characterized as a fully operational program.  These missions observe various combinations of OST, OSVW, SST, sea ice, and ocean color.    
· NPOESS VIIRS & MIS are being developed, among other purposes, as follow-ons to SeaWiFS & MODIS and SSMI/S, WindSat & TMI, respectively.  While these NPOESS sensors can be said to be derivatives of what has flown before, they are largely new sensors that have required significant development.  Both VIIRS and MIS are in development, as is NPOESS C-1.  
· ESA Sentinel-3 series features an altimeter, color scanner & spectrometer and builds on ERS-1/-2 and ENVISAT heritage; they are planned to be operated by EUMETSAT, the operational agency in Europe.  The family of Sentinel satellites is intended to be a 15- to 20-year-long series; however, for the Sentinel-3 series, only Sentinel-3A has been approved for development.  
· JAXA GCOM-W and -C series (microwave radiometer and a color scanner, respectively) are each is a three-satellite series.  GCOM-W1 is under development, while GCOM-W2
 and GCOM-C1 are being proposed.  These sensors are direct derivatives of those that JAXA has flown before

· SOA HY-1/-2 series will feature a color scanner on the HY-1 series and an altimeter, scatterometer and microwave radiometer on HY-2.  HY-1B builds on HY-1A and was launched in 2008; and HY-2A is under development and is planned for launch in 2010; it will carry the first ocean microwave instruments flown by China’s SOA.
2. c.  What challenges do we face in our efforts to establish additional operational systems? 

As the operational agencies collaborate with their research counterparts, working to transition from research to operations, they are facing these particular challenges:     

· Societal relevance.  The operational agencies have to be able to make the case that what we are proposing to implement on a long-continuing basis is worth a corresponding continuing investment of tax dollars over the long term; it is different than making the case in an research agency.   
· Fiscal.  The operational agencies have, and will continue to have, a tight budget environment.  For example, NOAA is attempting to establish elements of a new (for NIOAA) operational ocean capability in a level-funding environment on top of a growing NPOESS/GOES-R program and a long and well established operational weather forecasting program.  And in Europe, research and operational programs frequently compete within essentially the same overall envelope, so more support for operational programs can mean less for research; thus scientists may oppose increasing the fraction that is devoted to an operational program as it can result in squeezing out research programs.
· Climate change.  While the leadership of some countries recognize and appreciate climate change as an issue to be addressed, others haven’t.  The recent U.S. Administration has had little appreciation of climate change; however, with the transition to a new Administration, this should turn around.  But once such appreciation is developed, the ability of operational agencies to sustain observing systems that build on essential research agency capabilities should be able to provide a valuable service to the research agencies, namely, continuing streams of climate data.  Further, assuming political appreciation of climate change, oceanographers need to recognize that they are competing within the overall Earth science community for resources, and there is a need to clearly articulate and promote the critical role played by the global oceans
· Organizational focus.   Some countries have, at the national level, an organizational focus for the implementation of operational oceanography such as the French CDO, the Committee of the Directors of Organizations involved in operational oceanography.  Over almost two decades, the CDO has recognized the need for cross-agency coordination and the establishment, as needed, of cross-agency organizations such as MERCATOR and CORIOLIS to provide an integrated approach to ocean modelling & forecasting and in situ ocean observations, respectively.  Two examples where such a coordinated and integrated approach could be quire useful is the author’s own organization, NOAA, as well as in China and India.  
· Integrating in situ and satellite observing systems.  These two communities need to be helping each other, not competing.  The two sets of systems are inextricably complementary, with the ability of the satellite systems to resolve horizontal variability at the surface and the in situ to resolve subsurface variability.  The ocean is relatively opaque to satellites, and there is only so much that may be inferred from surface observations.  Subsurface structure can deviate immensely from historical relations to the surface.  Directed subsurface observations from an Integrated Ocean Observing System (IOOS) are a critical piece; but at the same time, the IOOS observations by themselves are incomplete without the satellite observations.  Ocean models can play an important role here, integrating observations from both systems.  No one working on either system should be unaware of the importance of the other.    
· Focus and prioritize.  Operational agencies typically have little budgetary flexibility, therefore need to focus and prioritize when attempting the implementation of operational infrastructure.  They need to concentrate on those parameters for which there have been successful demonstrations of technical feasibility and scientific utility (concentrating on steps 3 and 4 noted above).  If there were a community-consensus basis for prioritizing on compelling issues of societal relevance, it could be used as the basis for prioritization.    
· Clear, concise and consistent message.  Up to now, the operational agencies have been hearing multiple messages, veritable shopping lists of observing systems.  While that may be suitable for research agencies, securing the resources to implement an operational infrastructure for observing the global oceans will require a clear, concise and consistent message that reflects priorities in a progression of successive steps.  

4. Looking to the future. 
While moving an observational capability from the point of theoretical possibility to operational reality is a decades-long process, we need to recognize that we have come a long way.  So it would do us well now to concentrate on the near-term opportunities.  
· What should we do now?  For capabilities proposed to become operational, we need to focus on those satellite systems that are mature, collect observations that reflect priorities, and need our support.  Why invest time and energy supporting systems that will be implemented anyway?  Examples of capabilities needing near-term approval for development include:

· Jason-3/Jason-CS

· Complementary altimeter(s) (Sentinel-3B, GFO-2)

· Complementary scatterometer(s) to ASCAT (QuikSCAT follow-on)

· Take advantage of current activities.  Engaging in a number of international activities that are underway could be of significant benefit.
· Global Earth Observing System of Systems (GEOSS) offers an avenue for ministerial-level political visibility; this could be critical as we help each other secure the resources needed to implement a shared international effort in operational oceanography.
· Committee on Earth Observing Satellites (CEOS) Constellations represents a potentially valuable international forum to help member space agencies seek development of common data products, formats, and protocols as well as consensus data policies for timely sharing of data, since no agency or nation can afford to collect all of the data it needs. 
· WMO-IOC Joint Commission on Oceanography and Marine Meteorology offers the opportunity to extend its concentration on in situ observing systems to incorporate space systems.
As a concluding thought, while seeing how far we still have to go may be overwhelming, looking back shows the impressive progress made in a relatively small number of years.  In many respects, much more has been achieved than was expected or even dreamt of.  We must keep this thought in mind as we move forward.  
� Paper presented at the GODAE Final Symposium, Nice, France 12-15 November 2008.


� While this paper would not have been possible without the input from each of the co-authors, the author was unable to accommodate all comments and assumes responsibility for any deficiencies in that regard.


� Given its focus on global ocean observing systems, this paper will concern polar-orbiting satellites and defer commenting on the geostationary. 


� The capability to utilize observations – especially the assimilation of data into numerical models –represents an area whereby operational agencies need to collaborate with research agencies in acquiring necessary expertise.  


�  It has also been justified, but to a lesser extent, on the basis of estimating thermal fluxes to the ocean forecast systems when used in conjunction with microwave sounders like the AMSU.


� A two-frequency QuikSCAT follow has been proposed for flight on GCOM-W2 and is currently under being studied.
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