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Introduction and context
The general objectives of this breakout discussion were to allow the workshop participants to consider the scientific questions and issues that are being addressed by existing NASA systematic space-based observations and other existing or new suborbital observations.  The session was an opportunity to discuss long term data records in the context of the evolving Climate Data Records (CDRs) and Earth System Data Records (ESDRs) concepts.  The specific objectives were to try to identify opportunities and recommend priorities as well as to raise issues or concerns.
To do so, the session was tasked with addressing the following guiding questions:
	Specific questions

	1. What does the carbon cycle and ecosystems community expect of this effort?

2. What are our biggest challenges in this area, and how do we address them?

3. Is the list of identified data records complete, or is something missing? 
4. Does the carbon cycle and ecosystems community need to establish priorities for these and other activities, and, if so, how should they be established?




The currently established definitions for ESDR/CDR are:
	CDR

	A climate data record is a time series of measurements of sufficient length, consistency, and continuity to determine climate variability and change. (NRC, 2004).  The NRC further segmented satellite-based CDRs into:

· Fundamental CDRs (FCDRs), which are calibrated and quality-controlled sensor data that have been improved over time, and

· Thematic CDRs (TCDRs), which are geophysical variables derived from the FCDRs, such as sea surface temperature and cloud fraction. 


	ESDR

	Earth System Data Records (ESDRs) are observations of a parameter of the Earth system optimized to meet requirements to address NASA’s Earth science questions and to provide for applications.

· Low level and high level products are involved in ESDR’s

· Higher level products depend on products such as reflectance and vegetation index.

· Hierarchical organization is useful

· Need to derive priorities from the importance of the end use 

· Explicit attention to error, uncertainty, and precision is required in definition and production.

· Issue of consistency between user sub-groups and ESDR’s – important for the modeling community
· Need to consider what will be needed to create the Long Term data record (LTDR)


Discussion and Report

The following summary was developed from notes taken during the breakout and captures the subject of the discussions.  
About 70 participants were present, with a user to data producer ratio of about 4:1
What does the carbon cycle and ecosystems community expect of this effort?

Long term land time series data products provide the measurement used by most CC&E research projects and as such our top priority is to continue this effort.  NASA satellite missions, airborne and field campaigns are designed to provide science quality measurements collected over a number of years provide time series data records of immense value to studying the earth system and in predicting its future status.  This is particularly true when looking at climate change and its impact.  In order to detect change and trends sufficiently long time periods of measurement must be present.  Unfortunately most satellite missions have a limited life span (nominally 5 years) that inhibits consistency and continuity and multiple instruments are needed to build the long term data record.  Landsat and the AVHRR will continue to be the heritage instruments providing systematic land observations for long term studies. The development of long term consistent data records remains a high priority in support of carbon cycle and ecosystems research.  MODIS and the planned VIIRS missions should be utilized to establish continuity with the AVHRR mission in terms of products, processing, and distribution.
The group’s general expectations are that NASA CC&E will:
· Continue to improve and augment currently available data records
· Develop a quantitatively well characterized long term data record that spans the moderate resolution missions, building on the NASA measurement concept.

· Provide long term stewardship of these data records with the appropriate data support (i.e. cal/val, QA, production and distribution) 

· Enable increased access to and use of international data holdings to augment the NASA  data record

· Embrace data fusion and synergy as a future strategy to improving the overall usefulness of land time series products
· Focus on consistency in reprocessing across missions/sensors
· Provide greater focus on systematic validation of these measurements.  The group feels that the investment in these missions warrants a proportional investment in quantitative and methodical long term validation

· Provide support and move towards a stronger long term data fusion paradigm using data from multiple sources
· Continue to develop effective pathways to transition proven research to the operations/applications domain 
Is the list of identified data records complete, or is something missing? 

We recognized earlier that NASA remote sensing ‘assets’ for global change research and applications (e.g. satellite sensing systems, data processing, archive, distribution, and management expertise) are of immense value to national research priorities.  The group also divided current assets into two categories:
· Experimental Observations (process studies and engineering concept testing) 

ex: MISR, and Hyperion, 
· Systematic Observations (regular time series observations) 

· MODIS, Landsat 7, etc…
A non-exhaustive list of current sensors capable of providing medium resolution data was compiled:

	US
	International
	Future

	AVHRR  - 1981 to present
MODIS – 2000 to present

SeaWiFS  1997-

	METOP (Europe)
SPOT VGT  (Europe)
ATSR, AATSR  (Europe)
MERIS  (Europe)
GLI (Japan)
IRS (Indian)

	VIIRS 

S-GLI  

GOES-R (continental)



Various products were generated over the years from these satellite missions.  In an earlier effort NASA tasked the MODIS land science team data producers and colleagues to put together a list of key land Earth Science Data Records.  This effort was summarized in a provisional list of white papers that outlined the science rationale for a key set of land time series products to serve the needs of the research community:

	· Provisional list of Land ESDR’s (Based on MODIS land Science team list of white papers)

	Hydrology
	Energy
	Vegetation
	Fundamental

	Surface Hydrology 
Topography

Soil Moisture
Snow and Ice 

	Temperature, Emissivity 

Albedo 

Fire and Burned Area

	Vegetation Indices
% Vegetation Cover
LAI, fPAR, GPP, NPP

Land Cover Type Land Cover Change 
Land surface phenology

	Surface Reflectance


The group of participants felt that it is crucial that the current science requirements for data products be refined by the science user community to help in the process of standardizing current long term data products projects and future efforts.  The international efforts by IGOS/GCOS/GTOS to define Essential Climate Variables (ECVs) should be considered by NASA/NOAA management so as to harmonize their own efforts with the international programs.  This is particularly crucial in the context of long term land time series products.
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What are our biggest challenges in this area, and how do we address them?

 It was suggested that the biggest challenges to the medium resolution community are in meeting long term data consistency, implementing validation, and securing continuous support for these products:
· Improved requirements need to be developed for :
· Spatial, Temporal, Locational accuracy

· Thematic accuracy: quantitative statistical analysis of these product and their errors are not yet well developed
· Product consistency over missions, resolutions, time and space
· The accuracy requirements vary by research topic and application 

· Developing requirements by class of users would be helpful e.g. real time users, applications users, different categories of research users (climate modelers, dgvm modelers etc. 
· We need quantitative approaches to defining product accuracy requirements by understanding how the satellite data quality affects model output e.g.: NPP, ecosystem function. 

In recognition of the fact that some of the challenges are related to data management, the group also reviewed our heritage, current approaches and possible future systems to generating these land time series products.  In doing so, an explicit effort to document lessons learned is needed. 
	Pathfinder process (AVHRR)
	EOS Standard Products 
	VIIRS 


	Others

	Centralized production, 
Community review of algorithm
Limited QA

GIMMS reprocessing 
	PI supervised: 

Algorithm ATBD – reviewed 

Data sets generated  Product QA
Validated (accuracy assessment)

Products distributed 

Algorithms refined and data sets reprocessed by Collection 

Independent data sets generated by PI’s at SCF’s 

	EDR’s ‘DOD/NWS Applications’ Products being developed by NGST. 

Science Team limited influence on changing EDR’s. 

Science Team evaluating the EDR’s and prototyping VIIRS Land ESDR’s

Commitment needed for NASA Land ESDR’s  and 
product validation 
	· GIMMS

· LTDR

· EVI/Phenology

· Land cover

· AVHRR LAI

· And newer REASoN-CAN/MEASURES supported efforts


Some participants suggested that the user community should be more engaged with data production and reprocessing via early access and evaluation of collection tests and advisory committees. Ideally this would be an integral part of the measurement team strategy.
The following list of challenges was recognized as the most limiting to our progress.  Prescriptive investment may help address some of these issues:
· Perpetual clouds: A serious problem to studying the tropics with synoptic satellites:  Possible work around would be to adopt:

· Multiple and temporarily lagged sensors
· Geostationary sensors with the appropriate land bands
· Investment in synergy and data fusion across AM & PM overpasses and/or other sensors including microwave data (this would require designing new data scaling and processing methodologies)
· Increased support for including AVHRR global 1km in the long term record 
· Increase  the support and fusion with moderate resolution data from international sensor systems

· Making validation an integral part of remote sensing measurements with proper time and spatial scales
· Spatial scaling will need to be addressed by validation efforts
· Commitment for ongoing long term validation 
· The community is concerned that the continuity from MODIS to VIIRS be maintained. If the VIIRS is to provide the long term land science quality data record, then NASA will need to increase its participation in the VIIRS and in the planning beyond NPP. As a community we would like to see NASA support the development and production of research quality products from VIIRS and ensure that the next instruments after NPP VIIRS (C2 and C3) be improved to meet the science community needs. Two issues are important: improved instrument design and enhanced testing.
· Newer land time series data products are also needed in order to enable global change research:

· Generate long term disturbance data products
· Improve on current medium to coarse resolution products (take advantage of the full sensor capabilities, ex: why not a 250m LAI/fPAR, etc…)

· Consistent and global medium resolution long term land surface phenology

· Currently phenological metrics derived from vegetation index time series are sensitive to both the index used and the method selected to identify key events (e.g., Start of Season, End of Season, Peak Timing) and the linkages between satellite observations and spatially-extensive ground observations remains tenuous. More efforts needed for validation.

· Consider multi-resolution blending techniques to improve the spatial resolution of some of the land products:

· During reprocessing the data producers must consider internal consistency as well as consistency between different sensors and implications on research.
· For example C4 vs. C5 vs. C6 intercomparisons
· Consider the science payoffs from another re-processing (ex: MODIS C6)

· The QA data, although very useful, continue to be inaccessible to many end users, since they find it challenging to work with these bit packed parameters.
· The MODIS vegetation index for example adopted an easier system for data quality based on thematic decimal ranking.  Similarly the MODIS snow/ice product adopted a similar approach.

· Uncertainties remain at high latitudes due to how snow/ice are addressed and low sun angles.
· Independent products show different trends

· Need greater level of confidence over 50 degrees North

Does the carbon cycle and ecosystems community need to establish priorities for these and other activities, and, if so, how should they be established?

Establishing priorities would require a balanced look and coordination amongst user groups and other parts of NASA.  Although priorities will certainly help move certain aspects of long term data sets forwards, improperly scoping these priorities may lead to the wrong goals.  The participants feel that at a minimum a fundamental list of measurements must be maintained across missions to insure that our science questions could be properly addressed especially over long enough time periods sufficient to address climate change related questions.  Consistency is a priority that we would like to see applied when considering new missions.
· Do we have a clear plan for when Terra/Aqua are no longer operational?
· Terra and Aqua will continue to be processed for as long as they produce useful data 

· AVHRR METOP will replace the AM/Terra sensor – prototyping AM/PM products should start now 
· NPOESS VIIRS is planned for 2010
· Plans for product generation, product characteristics and algorithms are unclear to the user community
· There seems to be a step backward in that regard

· It is crucial that we formally involve representatives of the user community in the various aspects of time series product management, reprocessing, archive and distribution.

· There is currently no formal way to do this although the LTDR has a product outreach program
· Communicating with data users is limited due to information privacy rules associated with DAAC users
· Improve temporal coverage and frequency of current an older time series

· Most currently available data products were temporally composited making them of marginal value to time dependent phenomena (phenology, discrete and fast acting change events, etc…)

· Reprocessing must be factored in new systematic missions

· New systematic missions must be planned with continuity in mind

· Can we develop some form of measurement baseline to build the consistency needed by our time series?  Our data records are growing and are derived from different missions with slightly different objectives and list of measurements, so establishing a baseline may be crucial for long term studies.  In other words we must agree and develop a list of crucial and fundamental measurements to be adopted as the critical global time series.
· Validation must become an integral part of new mission planning.

· Overlap across mission (no gaps) is very crucial to establishing proper continuity
Miscellaneous issues from the breakout 
The participants felt that coordination at both the planning and execution levels of new mission, projects, and research announcements between NASA and NOAA, as well as other federal agencies (USGS, USDA, etc…) would help develop a common approach to land ESDR’s/CDR’s. Of value to this community is leveraging from other activities funded by other than NASA agencies.  For example, both the NSF-sponsored National Ecological Observatory Network (NEON) and the USA-National Phenology Network (USA-NPN) that has been initiated by USGS could be excellent sources of in-situ field and validation data that will help in the process of harmonizing the various measurements.

· Access to field data needs to be standardized and made available more quickly
· Participants also pointed to the need to coordinate and help with the transition of some proven research systems and product to the operational domain (NOAA, USGS).
· Need for a consistent global burned area data set from 1980 to present is needed
· Long term time series high res (TM/ETM+) of urbanization

· Characterization of urban areas

· Landcover info at 30 m (i.e urban areas)

· Moderate resolution (250 m) (urban areas/global)

· LAI/ FPAR for Urban areas

· Continued investment in VCF is needed at moderate resolution 

· Monitoring algal blooms in reservoirs/lakes using 250 m MODIS data is possible
· Can be used as early warning system for algal blooms

· Need for daily NRT data 
· Need continued development and support of statistical techniques for the evaluation and analysis of trends and step changes within long-term records, both for assessing continuity and consistency across sensors and for assessing significant changes. 
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