Break Out Summary

Science Enabled by New Hyperspectral Observations Related to Physiology and Functional Types (HyspIRI)

Co-Chairs: Dar Roberts and Frank Muller-Karger

Executive Summary

The break out was designed to provide participants with an overview of the primary sensor, design, specifications and expected performance, followed by a discussion guided by three main questions. The outline of the break out was as follows:

· Review Break Out Questions (2 minutes)
· Guest Presentations:

· Robert Green: An Introduction to HyspIRI (~15 minutes)
· (website file: pres_CC&E_PPFT_rog_080428.ppt)
· Simon Hook: An Introduction to HyspIRI-TIR (~ 5 minutes)
· (website file: cc&e hyspiri 2008.ppt)
· Discussion of the three main questions

· What are the priority science issues?

· What do we need to do scientifically to use these data?

· Are there any major issues and if so, what are they? 

· Wrap up

Power point files associated with the introductory talks have been uploaded to the NASA website and are accessible through links to this break out sessions. The group discussed first question 2, then 3, and then concluded reviewing question one. In the report, we have restructured the material to start with science questions, then progressing through science needs to best utilize the measurements, and conclude with a discussion of issues that need resolution. 

Science Priorities

1) What are the priority science uses of the new measurement(s)? (confirm/validate existing science questions/applications and/or may identify new uses)

HyspIRI is a proposed mission, designed to respond to key scientific needs identified in the decadal survey. Specific scientific strengths of HyspIRI include:

The primary HyspIRI sensor recommended by the NAS Decadal Survey as critical focused on the VISIBLE spectrum, providing high spatial and spectral resolution at global scales. The proposed HyspIRI sensor design enables the scientific study of BOTH terrestrial and coastal environments. This sensor will provide the first synoptic, high spectral/temporal resolution view of ecosystems. Key specifications:

· VISIBLE spectrum:

· Hyperspectral coverage in the VIS (400-2500 nm)

· 60 m resolution covering land and coastal oceans to 50 m depth
· 1 km resolution global oceans
· 19 day scene revisit cycle at 145 km swath width

For more detailed descriptions of this HyspIRI sensor, see pres_CC&E_PPFT_rog_080428.ppt.

The break out session also discussed a second sensor recommended in the Decadal Durvey as critical, HyspIRI-TIR. This sensor would acquire data in the Thermal Infrared over a larger swath than HyspIRI at 45 m spatial resolution with a 600 km swath, providing a nominal 5 day scene revisit cycle. For a more detailed description of HypsIRI-TIR see cc&e hyspiri 2008.ppt.
The combination of high spatial (60 m), spectral (400-2500 nm) and temporal sampling (19 days for VIS and 5 days for TIR) offers the potential of addressing a very large number of important scientific and resource management questions on land, in terrestrial aquatic environments, in the coastal zone and in coastal ocean waters that can not be addressed in any other ways. The temporal, spatial, and spectral coverage of the globe will help assess how spectral reflectance changes seasonally. This fundamental measurement will help quantify ecosystem composition, diversity, and an assessment of how functional groups change in space and time, identify disturbance and the response of ecosystem to disturbance, and quantify biogeochemical processes in both marine and terrestrial ecosystems.

The importance of the mission can be summarized by three over-arching observations that highlight the significance of HyspIRI to the scientific and resource management communities of the nation and of the world:
1) The mission has the potential to address many key scientific and socially-relevant research problems 

2) The land and ocean/coastal ocean communities find significant parallels in biogeochemistry and ecosystem science objectives that can be addressed by HyspIRI

3) HyspIRI enables science that recognizes that ecosystems span from the watershed to the coastal ocean, and provides a tool for the terrestrial and oceanographic communities to collaborate to solve Earth-system research problems.
Priority Science Issues

Science Priority Issues were divided into four main topics:
Ecosystem Function and Diversity:

Biogeochemical Cycles: 

Ecosystem Response to Disturbance: 

Ecosystems and Human Well-being: 

Ecosystem Function and Diversity:

One of the most important elements of addressing these research topics will be for NASA to develop a limited number of long-term sampling sites, ideally some of which span the coastline and bridge ecosystem elements on land and in the coastal ocean, across other aquatic ecosystems like the Great Lakes, and/or span complete watersheds to the continental shelf (such as the Mississippi drainage basin to the Gulf of Mexico). These should function as community time series facilities. In addition, NASA needs to develop a strategy to support shorter-term process studies that use these facilities or can be deployed and redeployed in other areas of particular interest or concern.

Three key questions were discussed under this topic:
1) What is the spatial distribution of different plant functional groups, diagnostic species, and ecosystems? 

Fine temporal and spectral sampling are critical for improved discrimination of many Plant Functional Types (PFT), aquatic and oceanic Functional Groups (FG), or to discriminate between the same species but with different phenology or different species of primary producers. Many of the temporal/spectral differences are linked to key biophysical or biochemical differences and the manner in which they vary over time.
Hyperspectral data may provide unique ways to discriminate between habitats on land and in the ocean, in ways not possible before. Hyperspectral data can also provide important bathymetry information in coastal and aquatic regions where water is clear.
Note: Woody Turner stated that there is a need for common language between the coastal zone/ocean and terrestrial ecosystems, which use different terminologies for similar things, including PFTs vs. plant, algae, and phytoplankton species.
2) How do their locations and function change seasonally, from year to year? 

Fine temporal and spatial sampling between 10 and 100 m resolution, and high resolution in the spectrum are required to provide measures of functional types, and changes in location and habitat.

However, a sensible temporal/seasonal sampling plan needs to be developed because functional types, phenology and habitats (therefore ecosystems) on land and in aquatic/coastal/ocean systems change with time. 
3) What are the trends?

To address long-term trends in changing habitats, ecosystems, or biogeochemical processes, multiyear sampling is required. A short mission (three years), is not long enough to reveal long-term or climate-related trends. However:
1) The value of HispIRI data would increase when paired with historical habitat assessments and other historical data (field and satellite)
2) The mission will be critical to establish a comprehensive baseline for many ecosystems and processes

Biogeochemical Cycles: 
1) How do changes in the Earth's physical, chemical, and biotic environment affect the productivity, carbon storage and biogeochemical cycles of ecosystems?  

Potentially some of the greatest strengths of HyspIRI will be improved measures of ecosystem production, and quantifying the abundance and change of important plant pigments and biochemicals. Many of these observables are key indices of biodiversity.
HyspIRI also provides potential for improved measures of stocks (leaf biomass) and direct/indirect measures of important biochemicals not necessarily tied to plant production.
HyspIRI will also provide unique measures of the abiotic environment, including minerals, soil type and characteristics, and water quality.
2) How do changes in biogeochemical processes feed back to other components of the Earth system? 

The improved observational abilities of HyspIRI will provide improved means of studying as well as monitoring responses.

An understanding of feedbacks is likely to require a modeling component. In terms of modeling, it was pointed out that HyspIRI will provide improved inputs for modeling, such as improved measures of photosynthetic capacity. Seasonal changes in photosynthetic capacity of ecosystems and our inability to quantify these changes was noted by Dick Waring as one of the biggest errors we now have.

Photosynthetic capacity is one of the products of the mission.

Ecosystem Response to Disturbance: 

1) How do human-caused and natural disturbances affect the distribution, biodiversity and functioning of ecosystems?

When discussing this science priority, the group discussed various types of disturbance, noting commonalities between coastal marine and terrestrial ecosystems including:
Pollution (terrestrial and aquatic – runoff & nutrients, fresh water) and hypoxia
Invasive species (aquatic and terrestrial)

Pathogens (terrestrial forest, aquatic such as harmful algal blooms and biogenic and other vectors for bacterial dispersion)

Impacts of warming in coastal and terrestrial habitats at all latitudes
Fragmentation (terrestrial & aquatic/coastal)

Selective logging (terrestrial)

Selective harvesting of living and non-living marine resources, including aquaculture, fisheries, and deployment of other coastal industries (e.g. wind, tides)

Hurricanes (terrestrial & aquatic)

Forest degradation (coral bleaching as a coastal analog)

Fires
Volcanoes (heat, gas emissions, lava and mud flows)

Landslides

HyspIRI effectively will allow the study of these phenomena and disturbances, and facilitate monitoring by resource managers/operations through repeated sampling. Special emphasis was given to fire, which is a focus of HyspIRI TIR
2) What is the impact of global biomass burning on the terrestrial biosphere and atmosphere, and how is this impact changing over time? 

Sub-questions included
· How are global fire regimes (fire location, type, frequency, and intensity) changing in response to changing climate and land use practices? 

· Are regions becoming more fire prone? 

· What is the role of fire in global biogeochemical cycling, particularly atmospheric composition? 

· Are there regional feedbacks between fire and climate change? 
A special note was made to emphasize that HyspIRI TIR has a 5 day repeat and larger swath.
Ecosystems and Human Well-being: 

1) How do changes in ecosystem composition and function affect human health, resource use, and resource management?


Synergies for important research programs were noted, in particular on linkages between terrestrial and coastal ecology such as the relationship between land-use, agriculture, land-cover and runoff, algal blooms, and water quality in aquatic systems.
Possible links could also be made to carbon management and improved observations.
An improved assessment of water, such as small-scale discharge plumes, detection of submarine ground-water discharges, and small-scale upwelling and turbulence was a focus of specific interest for HyspIRI TIR.
2) As global freshwater supplies become increasingly limited, how can we better characterize trends in local and regional water use and moisture availability to help conserve this critical resource?

Sub-questions included:

· How can we improve spatial information about evapotranspiration (water loss to the atmosphere) to facilitate better management of our Earth’s freshwater resources?

· How can we obtain better information about vegetation water stress conditions at spatiotemporal scales that are beneficial for global drought early detection, mitigation, and impact assessment efforts?

· What is the current global irrigated acreage, how is it changing with time, and are these changes in a sustainable balance with regional water availability?

· Can remote sensing-based technologies improve irrigation efficiency in water-scarce agricultural regions
· How can watersheds provide clean water to communities

· How can watersheds provide fresh water of adequate quantity and quality to coastal ecosystems

Scientific Needs
What do we need to do scientifically to use these new measurements and/or to get ready for the mission?

Several important elements were discussed including:

1) A need for product calibration and validation, similar to prior work with MODIS.
2) A need for carefully planned community time series facilities and process studies:
The break out group specifically discussed the need for large ecosystem scale field campaigns that cross the land-ocean boundary. One strategy, as mentioned above, is to develop experimental sites that function as community time series facilities at a limited number of long-term sampling sites that span the coastline and bridge ecosystem elements on land and in the coastal ocean. These sites would serve to collect a core number of observations that require larger funding and shared infrastructure. NASA also needs to develop a strategy to support shorter-term process studies that use these facilities and that can be deployed and redeployed in other areas of particular interest or concern. These process studies would not have to develop the infrastructure present at the core time series facilities
These studies need to be supported by multiple space-based sensors over the same location, and would be strengthened by studies such as:


Eddy flux study sites near the coast (Dick Waring)
Bathymetry in coastal zones to enable good water column assessments

Elevation data over land

For the coastal zone need good tide data and linkage to tide gauge and tidal model predictions

The core time series facilities could be built in collaboration with other Federal Agencies which are developing observing infrastructure, including the NSF, NOAA, EPA, the USGS, DoEnergy, DoAgriculture, the DoInterior, and agencies within the Dept of Homeland Security. Similarly, NASA should establish similar links and lead the effort to engage international government agencies and partners through the GEO/GEOSS groups and subgroups.
Woody Turner requested that the community provide ideas for a specific, large scale research question that bridges the aquatic and terrestrial ecosystems, which then could become the focus of an RFP.

One such study proposed would be a large watershed and coastal zone field program that built on federal “observing” and “observatory” infrastructure. As mentioned above, possible ideas include time series observing facilities that cross aquatic and terrestrial ecosystems including possibly the Great Lakes, and/or span complete watersheds to the continental shelf (such as the Mississippi drainage basin to the Gulf of Mexico). It would be ideal to have some smaller-scale watershed/coastal studies that allow the examination of processes at smaller scales and understand how these processes add up to function across continental scales.
3) NASA needs a “long-term data acquisition plan” (LTAP) developed in advance of a launch. This point was made by Darrel Williams, who noted the challenges faced by the Landsat project to manage acquisitions based on seasons, geographic areas, and weather including cloud cover, when tasking instruments. 

4) A regional, global compositing strategy needs to be developed a for specific time frames (e.g. daily, weekly, seasonal, annual, climatological). As an example, how would researchers build a seamless mosaic for a season, when portions of the mosaic are lost due to clouds, or when properties of interest change, including for example reflectance of the same scene imaged over consecutive orbits at high latitude, etc.
5) A set of candidate data products should be developed. It was pointed out that many of these products are already defined or proposed. One key core product identified by the breakout group is a calibrated reflectance product. This product would also require ancillary data, such as elevation, scene geometry and location, viewing geometry, solar geometry, to be of most use. Most of the user community should not be subject to performing their own reflectance retrievals.
6) An effective, visionary data archive, processing and reprocessing, and distribution mechanism needs to be developed that serves a data pipeline or DAAC function, including a Climate Data Record strategy.
7) There needs to be a funding strategy with planned requests for proposals that support preparation and sustain community involvement in the science. One possibility is a large water shed study that engages all elements of the terrestrial and coastal aquatic communities. 
8) Robert Cook (ORNL) suggested that there is a need to develop a systematic hyperspectral reference library. There are a few spectral libraries now that have been collected by various researches, both for aquatic environments (soils, minerals, particular types of vegetation, particular types of algae and blooms, coral reefs, etc.). NASA could offer a service to combine and standardize formats, as part of an effort similar to what SEABASS has done for multispectral ocean color measurements.
9) There is a need to provide the community with algorithms and test them across different ecosystems. Several participants pointed out the highly local, investigator-specific nature of many hyperspectral studies, and the need to make these algorithms more accessible to the community and compare them across ecosystems. 
Perhaps an RFP could include elements to compare cross-ecosystems; this can include algorithm development, and portability of algorithms from one site to another. Need to study whether functional type assessments can be applied across different ecosystems.

10) Synergies need to be evaluated across systems (Treuhaft). Strong synergies exist between vertical structure and hyperspectral measures. 

Other key points made included:

- The group reiterated the need for RFPs that help us prepare and support a mission.

- There is a need to have more specificity on particular studies and study sites, types of measurements to do. Frank Muller-Karger: use time series and LTER/observing system infrastructure, urban environments, international programs to advance the science needed to underpin the mission.

Missing link: while there are numerous hyperspectral observations of selected objects and some space-derived images from missions like EO-1, there have been no coordinated, dedicated hyperspectral studies in a variety of terrestrial and aquatic environments. NASA should lead a series of field campaigns to characterize different habitats/ecosystems. Possible studies that address different scales may be:
- Large Watershed study possibilities:


* Mississippi watershed study, integrating agricultural impacts and land use on the movement of nutrients, sediments etc. through a large river system, and quantifying their impacts on the coastal zone.


* Sacramento River Delta: Similar as above, also includes invasive plant species


* Northeast such as Chesapeake Bay

-Mangroves to coral connections

-Submarine groundwater 

-Disease vectors / ecologically-transmitted diseases, closing loop between pollution, disease, human food consumption such as fisheries

-Crop analyses and linkages between 

-National parks, national monuments and marine protected areas 

-Runoff from aquaculture – use in enforcement

-Functional groups in watersheds and their impact on rivers and coastal systems

-Fires and their impact on watershed and coastal systems 

It will be critical to engage the operational and resource management community in the process of designing HyspIRI products, archive and distribution systems early on, from the beginning of the mission. This will help a smoother transition of research to operations, and hopefully lead to a feedback loop between these communities.

It will be important to have the public, including the resource management and the research communities be informed of the possibilities of this mission.

The participants in the working group were concerned that NASA needs to find ways to push for this mission to move up the cue, to be launched sooner.

Major Issues

Are there any major issues to be resolved before this science is enabled, and if so, what are they and what needs to be done?

The break out group agreed that the current sensor plans require no modification. The technology is sound and has a well-established legacy. However, other issues were identified including:
1) A system needs to be in place to provide frequent, rapid data access. This point is similar to one made under the previous question. 
2) Several participants in the break out session expressed an interest in direct broadcast data, including perhaps selected VIS and TIR bands. A broadcast ability is not currently planned. Items identified as requiring additional exploration include
· real time broadcast or

· reduce latency time from downlink earth stations to users
· Could a sub-sample be broadcast?
3) There is a need for a long-term data acquisition plan:

Should data processing be staged to focus first on core validation sites?

Staged processing to fill in the rest of the planet?
4) The initial launch should be coupled with field campaigns at cal val sites, perhaps linked to established LTERS, ocean time series, observatories

Requires continuous coverage
5) There is a need to consider southern hemisphere core sites in the event of a northern hemisphere winter launch. The importance of the southern hemisphere was pointed out by Darrel Williams, who noted that launch windows change and back up plans are needed.

In general, core sites should cover both northern and southern hemisphere seasons to ensure proper study of growing seasons around the world.
6) International partners might help accelerate a schedule for the mission. This might also be a particular valuable way to add a 20 m pan band at no cost. Possible partners include Australia or Canada.
7) Given the large data volume, archive and reprocessing capability needed. There is no data archive and distribution strategy at present. It is STRONGLY recommended that NASA invest in planning a viable archive/reprocessing/distribution strategy along the lines of what exists today for SeaWiFS and MODIS data.
8) Products: need resources to develop, process and distribute geophysical products, not just raw data

9) Synergies should be explored between space-based Earth-observing systems. Possible synergies across sensors & missions include:
GEO-CAPE: this geostationary hyperspectral mission can provide significant synergy with HyspIRI.

Within HyspIRI: the visible and the TIR sensors can provide synergy in addressing science questions for both land and aquatic science/research programs. A direct downlink or some form of real-time access is needed to assess volcanic activities, wildfire management and research

A number of TIR applications include:

evapo-transpiration studies,

cloud studies

There should be a coordinating program to help collect co-registered data from other sensors that provide higher resolution

Others Comments:
Questions from public: is there a possibility of off-nadir viewing? Dar Roberts: mission has a 4 degree off-nadir view tilt to avoid the glint, but this is a fixed view geometry. The mission is not tiltable for particular scene acquisition

Zhon Ping Lee: is it possible to extend into the UV? Rob Green: not feasible with the technology today because of the decrease in SNR issues

Instrument question: how firm is the instrument system concept? There may be other instrument designs that may accomplish hyperspectral acquisitions. Rob Green explained that HyspIRI uses technology that has been proven and is ready to go, with a mission concept that is feasible and doable.
Comments

-Need to include aquatic capabilities in NASA HQ slides about HyspIRI, such as the overall instrument slides presented in plenary by Michael Freilich
Woody Turner: Request for suggestions for a suitable RFP (NOTE: suggestions for RFP are provided above, under the Scientific Needs section)
Summary

Overall, considerable enthusiasm was expressed in the break out group for this sensor, with several participants expressing concern regarding the long delay anticipated between the need and actual launch. 

The break out group agreed that the technology and design are in good shape with a strong legacy of science and technology to draw upon. However, it also recognized some clear needs including:
1) A need for advanced planning including a data acquisition plan (clouds) and product calibration.
2) A strong need for supporting field process studies in advance of the launch, algorithm comparison across ecosystems. This field campaign should be multi-sensor, involving terrestrial change and coastal impacts.
3) The community could help NASA in providing more specific guidance on what a large field campaign should look like and what the clear, identifiable science goals would be. One possibility would be a large-scale (continental-scale) study of a watershed and the impacts of materials, water flows, and habitats/community composition, disturbance, etc.. A parallel study could be on a smaller watershed and adjacent coastal system, perhaps at high latitudes. Candidate sites should leverage, as much as possible off of well established sites, such as LTERS, NOAA or USGS sites with extensive historical information and data.

4) Clear links exist between land and oceans in discussions of HyspIRI. Often the terminology changes, but commonality exists.
The break out would like to emphasize that HyspIRI is a coastal marine and terrestrial program. 
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