
High level perspectives: sustaining ocean observations

Timothy Killeen
Assistant Director for the Geosciences, National Science Foundation, United States, Email: tkilleen@nsf.gov
[Unedited transcript of speech as given]

Good afternoon and thanks for being here on a Friday afternoon after what looks by all accounts of being a very stimulative and intense symposium.  It is a real pleasure to be here today and to sort of appreciate firsthand the progress that is being made with all the hard work in lots of these nations and institutions and particularly to appreciate the repeating themes that have come out of sustainability of the observations, long time series, making systems that already exist robust, the data interoperability issues, and so forth.  What I thought I’d like to do today is talk about the path forward and really focus on what we feel is a contribution from the United States, specifically the National Science Foundation, in building momentum for the near term as we move forward in the international context.  

So, I am going to focus a little bit upon the United States, and I wanted to mention up front a new Presidential Task Force that President Obama put in place several months ago, about three months ago.  I had the privilege of being on this task force.  It had 24 agencies, and we were given by the President 90 days to come up with the first-ever United States national policy on ocean.  That was delivered to the President about a week or so ago, and it’s now open for a 30-day public comment period.  And within the draft, you will find the statement “support for embracing science-based decision-making and investing in ecosystem-based science, research, and ocean observations, including comprehensive research on the linkages among ecosystem health, human health, economic opportunity, national and homeland security, social justice, and environmental change, including climate change,” and this is really the topic in many ways of this conference.  This is likely to become a Presidential Executive Order, which will hopefully add momentum to the United States’ efforts in the oceans.  

I don’t want to start with the science driver because I was here when Carl Wunsch challenged people to come up with something new and to base it on science.  The science drivers are there, and we’ve heard of them in many of the talks, and the principle among them is that it’s not just the ocean, the integrated ocean, but it’s the Earth as a system as it functions in its full complexity.  So, the themes are going to be things such as regional/decadal climate—we saw how difficult that is in the previous talk—water, the full-blown hydrological cycle, the human impacts, the role of carbon, nitrogen, the biogeochemical cycles, and the function of the ocean with particular emphasis on ecosystems, coastal processes, and acidification.  They’re important science drivers for the enterprise that’s represented by this community, and the time series to recognize, understand, predict, and adapt to change is a challenge, and it’s a near-term challenge.  It’s not a many-decadal challenge as the atmosphere and the ocean are moving into uncharted territories together with ocean acidification and increasing greenhouse gas loading of the atmosphere.  

And so, we have to recognize that we’re actually living in a period of rapid and challenging change, and so it is an urgent issue to maintain the databases that we have that can document these changes and to expand those data sets so that we could look in greater detail at the function, the planetary metabolism if you like, and I just have a couple pictures to remind you that things are changing.  Here’s the night sky today, and here’s an estimate of what the night sky will look like just a couple of decades from now with the economic development that’s under way.  So, we must listen to the voice of this planet as it evolves during our professional lifetimes and certainly that of our students.  

In situ sensors developed by the National Science Foundation operating on a real-time basis with a 24 hours a day, 7 days a week capability are going to allow us to hear the planet in increasing detail in the future.  We’ve already developed a network of stations that is called EarthScope—these are seismic stations and GPS stations that have real-time capabilities that utilize modern cyber infrastructure that are workshop, desktop available that have education outreach capabilities that are allowing us to look at the planetary motions in the mantle, looking at earthquakes in new ways.  We’re developing another network of facilities called NEON, National Ecological Observatory Network, which is coming forward for final approval this year, and that will be an ecological system of capabilities that will stretch across the continent, and it will allow us to look at ecosystem function on land at a lot of detail.  

The third one is the one I’m going to focus on which is the Ocean Observatories Initiative, and 10 years ago at the last OceanObs meeting this was a gleam in the eye to develop a research network in the ocean with real-time capability, and I am delighted to report that this month the first funding is flowing to the team to actually develop this system.  And, I’ll go into it in slightly greater detail although there have been, I understand, posters on this topic at this symposium so you may know a lot about it already.  In the context of what the U.S. is doing, we are working for the Administration, which has a perspective of the importance of science and technology for the nation.  It’s a competitive edge, but it’s also basic human well-being.  And, we’re looking at a presidential plan that has stable and steady super-inflationary budget raises for the geosciences community through to 2006; it’s a doubling intent.  And so, in that context, we’re in a situation where we can do more, perhaps, than just put Band-Aids on existing capabilities but think about new capabilities that might be brought online and expand the capabilities.  

And, for example, one of the things that we are funding, and this was approved in March 2009 this year, is a new research vessel, which will be added to the academic fleet that NSF manages, provides principle support for these 23 ships.  But, this will be the first custom-designed ship built for science in decades, if not 30 years or close to it.  And, this will be a vessel that will look at the disappearing ice margins in the Arctic and at high latitude regions, and it will focus on ecosystem change at high latitudes, climate, ocean acidification, natural hazards, and anthropogenic environmental change, including the socioeconomic aspects of that.  It will have under-ice remote operating vehicles and AUV support as well.  And the thing I’m most proud of, or one of the things I’m proud of, it will allow disabled scientists to go on field trips to the Arctic Ocean on a ship.  This will be wheel chair compatible; it may sound like a small factor, but this is something that really implies our commitment to full participation and diversity of our community.

Which brings me to the Ocean Observatories Initiative, which is a major new NSF investment in the basic science of climate change and the oceans.  This initiative is of the order of magnitude 384 million dollars for construction, and over the next two decades will be funded to provide the needed operations and maintenance support as well, and it will give us real-time interaction with the ocean from anywhere on Earth for free without any proprietary holds, and it will be available for research and education.  In developing this system, which is a research network, we hope that the research network will both inspire development in the operational networks and also tangibly help those developments through the development of sensors and approaches, etc.  We recognize, as has been stated by many here, that partnerships are essential.  And specifically for OOI, we want to acknowledge the partnership with Neptune Canada, which will be contributing important support in the Pacific Northwest region, the Euro-Sites participation, which will be co-sponsoring the Irminger Sea station, in Chile for the 55ºS station, and NOAA as well for its IOOS capabilities.

The Ocean Observatories Initiative is, as I mentioned, designed for basic research.  Its first data will be made available in 2013, construction has begun, the first elements to be put in the water will be put there next year, completion will occur in 2016, data will turn on as soon as there is capability in the ocean, so there will be initial data sets there, and I think, for the first time to my knowledge, NSF is providing a 25-year commitment to operations and maintenance.  That is, the budgets for updating the sensors, replacing the sensors, upgrading the whole facility, building in new IT capabilities as Moore’s Law works to the benefit of the science are all in the budget.  So, for once, we have not forgotten that you can build it and then you need to actually provide the support to keep it going, and so, for the theme of this conference—sustainability—we hope this will be a major ongoing infrastructural component of international ocean sciences.  

To give you a sense of the system, it is a combination of global moorings at multiple sites, on the East Coast in the broad shelf, on the West Coast in the narrow shelf, at high latitudes, it has a cabled array system associated with the Juan de Fuca plate region, and this is an example of the sort of capabilities that will be in the global moorings.  We estimate on full deployment, there will be more than 800 sensors in operation at deployment, measuring over 20 parameters, which include biological parameters such as zooplankton observations and the acoustic monitoring of small animals.  It will have the air-sea measurements at the surface, bulk meteorology, surface fluxes, wave spectra, carbon dioxide fluxes into the water column.  You’ll have the full water column measurements, mean currents, turbulent velocity, dissolved oxygen, spectral irradiance, and, as I mentioned, biological components will be incorporated initially and then, as the system evolves, these sensors will be upgraded.  

The Ocean Observatories Initiative has a very strong cyber infrastructure component, which is a major part, not an add-on to the capability, and it incorporates many of the things I just heard about, for example, NetCDF, threads, cloud computing, even social networking are incorporated into the observational design.  And, the system is designed to support scientific research but also educational module development and the general public by providing this immediacy of feeling like you are on the sea floor, et cetera.  So, cyber infrastructure is an important aspect of this.  

How is it different, and are these differences significant?  I should say that OOI has been under development planning for more than 10 years.  It has been through many hoops and obstacles.  There have been multiple design reviews, each more rigorous than the last one, and the team that has been working on this deserves commendation for their tenacity and patience as well as their creativity, but it will be an interactive network.  That means that should a transient event occur, for example, a salinity slope event on a ridge, one can reconfigure the network, change the commanding to the AUVs, and go after the science if necessary.  It has high bandwidth and there is a good turnaround with data sensors and events.  It will be open access to the data, no proprietary periods, and it will preserve data and the metadata, and it also will address the provenance to develop scientific trust with the users.  

So, why was OOI developed in the way it has been developed, and why are the specific sites chosen?  What I have here is a schematic showing the four global mooring sites overlaid upon the thermohaline circulation, and you can see quickly that it has an emphasis on high latitudes because with a climate, carbon emphasis these are very important regions of rapid change where carbon uptake might be occurring rapidly, and they are also interesting regions in terms of the upwelling and downwelling parts of the thermohaline circulation.  You will notice that they are both in northern and southern hemispheres.  One of the scientific topics that will be looked at, and there will be a set of what we’re terming at least tentatively flagship experiments where investigators can put forward proposals to use the configuration for specific investigations.  And, one will clearly be a lot of strong interest in ocean acidification, and this is just a plot of the projection of the undersaturation of the oceans, regions where shelled animals may not be able to do quite as well, and you can see the distribution there of the four global sites of the OOI, which will have been put in place this decade.  So, we’ll be looking at ocean acidification issues. 

And, I’m going to hone in for a second on the Argentine Basin just to mention another scientific interest, and this is one of soluble iron deposition in the southern Atlantic Ocean, might be a critical factor in carbon sequestration in the southern oceans.  And, as you can see, the Argentine Basin location is really well placed to investigate the relationship between the oceanic processes, the deposition of dust and iron associated with those kinds of processes. 

OOI will, we hope, be part of the evolving international network, and we are very encouraged by what we’re hearing from groups, such as OceanSITES, where they are working hard to create interoperable networks of international facilities.  The OOI will extend the range of these facilities to high latitudes in both hemispheres, as I mentioned, and will provide this complex suite of instrumentation that may well become important as those other sites around the world further develop.  

There is a strong emphasis and will be in anything NSF does on education and public engagement anytime, anywhere.  And, I just want to highlight one of the features that we’ve already funded at Rutgers University, which is a Center for Ocean Science Excellence in Education, which combines innovative ocean observing technology and real-time ocean data to help inspire the public.  It’s not sufficient to convince agency representatives, such as myself, of the importance of the science.  It’s very important to have the public backing and understanding and appreciation of the importance of the work in order to really optimize the outcomes.  

I like this particular quote from John Muir, whom I hope you all know and have visited Muir Woods, because I think it informs our thinking in terms of the combination of facilities that I’ve mentioned, not just OOI, but OOI with NEON, which together will have an oceanic ecosystem coastal perspective and a land-based ecosystem coastal perspective, and there will be initiatives with rivers and estuarine and other elements of the water cycle that hopefully will tie these things together.  So, we are indeed following along with what Guy Brasseur was talking about, an Earth systems perspective of how these systems really come together and are inextricably linked, which John Muir understood on his first summer in the Sierra.  

So, I’m going to end my talk with just a little movie of one of these stations, this one is in the Mid-Atlantic Bight, just to give you a flavor for the sort of operating cadence and methodology of the system.  The four boxes, three boxes there represent the footprints of the global moorings, of the AUVs, and of the gliders.  Here comes a glider investigating the coastal shelf and another glider looking at the orthogonal cut at that same oceanic shelf.  Here are the moorings.  So, this system is replicated in those four global mooring sites and also in the coastal stations.  It’s a mix of buoys, which are communicating the data.  Underneath the ocean floor, you can see the glider go there.  There are the profilers, which are moving up and down along the cables a few times a day to do the water column sampling.  You can see the AUVs, which are commandable and updatable through downward commands.  And now, often when you see something like this, you say, “well, that’s an interesting picture,” but we have just started to fund the construction of this facility.  Here is the AUV docking, and a little burst there show the communications uplinks, downlinks.  And then, after a little while, the AUV comes out and performs another round.  

So, we’re very excited at the potential for this kind of network going forward.  There will be many lessons learned as it gets built.  And, the interface with the data standards, the interoperability with other systems are all going to be important aspects of the connection as we move forward.  But, this is going to be part of our common future, and as we look at a planet that is certainly undergoing rapid change in both the oceans and the atmosphere with all the socioeconomic implications of that, it really is incumbent upon us to put in place a system that can quantify what is happening at the benthic levels, at the sea floor, methane seeps, hydrates, can quantify what is happening in the water column, can quantify the robustness of the coastal ecosystems, can look at the persistence or lack of it in the large circulatory patterns in the ocean.  And so, I’ll leave it at that and thank you for your attention.












