The second afternoon set of breakouts on April 28 regarding Data Records and Related Observations including a breakout session on Terrestrial Calibration & Validation Activities and Future Needs Goals and Questions.  The session chairs were Robert Green and Kurt Thome with reporter Petya Campbell.
Executive summary:

Calibration and validation capabilities and quality have advanced significantly over the past decade and should remain a core part of carbon cycle and ecosystem measurement based science research.  An apt quote that came from the meeting is that Calibration is an adventure and validation is a journey.  That journey and adventure leads to the important question for all proposed work, projects, and sensors: “Where is the calibration and validation plan?”
The definitions that were the basis of the discussion included
Earth System Data Records (ESDRs) and Climate Data Records (CDRs) are time series of measurements of sufficient length, consistency, and continuity to determine variability and change

Calibration:  The process of quantitatively defining the system responses to known controlled signal inputs

Validation:  The process of assessing, by independent means, the quality of the data products derived from the system outputs

Carbon cycle and ecosystem science and applications are linked to EDRs and CDRs and EDRS and CDRs require calibration and validation with calibration to the instrument measured units being required.  Key ideas included:
· Upstream carbon cycle and ecosystem data product algorithms begin with calibrated measurements based on initial laboratory data and on-orbit calibration, validation
· Passive solar-reflected and thermal as well as active instruments require characterization to understand spectral, radiometric, spatial, temporal, and uniformity domains along with parameters based on range, sampling, response, accuracy, and precision

· On-orbit radiance based calibration monitoring is essential, mature and should be continued.

· Airborne measurements are important and used in scaling of on-orbit calibration

· On-orbit calibration monitoring approaches for current and future active instruments need to be developed and expanded

Validation of data products is required for understanding the quality and certainty of the science and application results based on these products

· Existing major validation sites and data sets need to be maintained and extended into the future such as LTERs, Leaf area index sites…

· Airborne measurements play an important role in validation and scaling of validation results

· Validation should shift towards understanding uncertainties in the context of the science results (sensitivity) requiring an understanding of accuracy requirements, prioritizing resources for validation, including more difficult sites that span broader ranges or environments

· Room for growth in validation of active instrument based measurements and data product (LIDAR, SAR…)

Detailed meeting overview:
Introductory material was presented by Thome.  The breakout goals and questions were reviewed including agreement on a set of working definitions for the meeting:

· 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. 
· Calibration is the process of quantitatively defining the system responses to known controlled signal inputs (http://wgcv.ceos.org/wgcv/wgcv.htm)
· Validation is the process of assessing, by independent means, the quality of the data products derived from the system outputs (http://wgcv.ceos.org/wgcv/wgcv.htm)
In some instances there is a grey area between instrument and algorithm, and calibration and validation. (e.g. VIIRS)

Calibration characterization includes assessing the sensor’s spectral range, sampling, accuracy, and precision; spatial swath, sampling, accuracy, and precision; uniformity including crosstrack, IFOV, mapping scene distortion, SN ratio stability; (frown/smile; bow-tie effect; tilt, pitch, yaw; band-to-band registration).  Much of this can be done in the laboratory but in-flight characterization is crucial.
Jeff Morisette presented a lessons learned in Land Processes Validation from MODIS validation work.  He described that 

1. Accuracy requirements are not yet clearly defined and the goal of validation must be determined.  For instance, validation can be used to quantify the uncertainty of a data product or to determine whether the product is valid.  Typically the first is done, since often the required level of accuracy is not well known and knowledge of the product accuracy can allow the user to determine on a case-by-case basis.
2. Algorithm improvement is the primary use of validation results

3. Validation Results must be clearly communicated to users

4. Need to scale from field data to moderate resolution pixels using  intermediate imagery to scale up (30m –> 100m –> 500km -> 1 km)

5. Core sites – and Science networks offer advantages and challenges with examples being Lake Tahoe which can provide interesting issues with dark water next to bright snow and BARC which is not homogeneous but is well understood.

6. CEOS provides structure – infrastructure and hierarchy to be considered and actively used

7. Global land product inter-comparisons can help guide proper use of similar products for instance LAI maps at 30m (field measurements) compared with VALERY and other 90 high resolution maps, general comparison at 400 sites with validation at 90 sites.

8. Funding for validation needs to be carefully synchronized with launch dates, “first light” and initial check out and calibration.  MODIS validation started before the launch of the satellite – 3 years are too much (MODIS lesson), 
Key issues include the need for understanding sampling requirements in terms of statistically viable sample and plot sizes and ensuring sites are operational in nature and sustained with committed resources.
Open discussion began with consideration of most important parameters and data records to be calibrated/validated.  Consensus was that at-sensor radiance is critical.  Other specific parameters were not deemed as important as ensuring the validation process is done properly.  Sites should be selected to validate an algorithm under which the assumptions in the algorithm are satisfied.  Once validated in this case, more complicated/difficult test sites and conditions are attempted leading to improvements to the algorithms.

An excellent example is that a homogeneous site is useful for many applications (determination of at-sensor radiance, for example).  Further understanding of the data products would require non-homogeneous sites.
Lower level products are of higher importance for validation since the higher you go up the chain the error propagates. Compensating errors can also happen so it is important not to skip products in the hope of validating all products by simply validating the highest-level product.
One conclusion that is worth stating explicitly is that you can never have as much validation data as you need.  For higher order validation it is required to have a larger number of sites.  Lower order validation may not require as many.  It depends on the measurement and product. Understanding the accuracy needs will help prioritize these issues. There is a balance between the goal of validating the data products with sufficient variability in the product versus the cost of many sites and campaigns.
Sensor community and product community are getting better and are trying to join the requirements. Methods need to be developed to satisfy both groups
The second discussion topic was whether there were validation sites/approaches that would satisfy both the Ecosystems community and the Carbon Cycle community simultaneously.  Surface reflectance was a product that had wide-ranging impact and importance for validation.  Two other parameters that require validation are cloud mapping and snow mapping.  The last two are critical for subsequent processing to mask out those regions affected by clouds and snow.

The overall conclusion was that the specific choices of products/sites/methods for validation was not as important as ensuring that the validation is being done in support of science driven measurements covering a range of activities.  Such work is improved by sufficient planning that can point out synergies.
For example, earlier field campaigns such as BOREAS, FIFE, etc. had science as the objective with cal/val included as part of the projects.  One key issue is that calibration is nearly always considered in such projects but it is just as important to include the planning of the validation activities early in the project planning.  It was agreed that science driven validation is very efficient, but there are some missing aspects, such as long term data continuity, scaling, etc.
Need to stress the need for science-related calibration and validation.  It is helpful if the validation activities are structured to support multiple missions. 
Need to include the development of good methods and activities and this will allow the accurate inclusion of multiple types of sites including those that are difficult to do (such as flux tower sites on steep slopes, or in wetlands).
The third topic discussed were challenges for validation.  Three broad challenges were raised:

1) How to incorporate airborne data (with their temporal and spatial "features") into the validation process and scale them up to the product level - not an airborne simulator but an airborne system used to derive a product


2) Temporal domain is an issue – It is no longer satisfactory to have single points in day and single points in years.  Look again at the science to see what might be an issue - phenology is a good example - LAI was typically measured at peak green up


3) Instrumentation for some products have changed over time so how do you do ground measurements - need funds to understand the different sensors - round robin activities.  Some systems of measurements have well-defined protocols and instruments.  A set of Key measurements should be identified, but a diversity is very important.

It is recommended that round-robin activities for validation be supported.  It is important that this funding allows for a dedicated person and facility for Cal/val that would be responsible for organizing and evaluating the round robins.  
The last discussion topic was to develop a set of priorities for the calibration and validation of CC&E sensors and products.
At sensor radiance is suggested as higher priority than reflectance (%), but reflectance is often easier to compare
There is a strong need to evaluate the best way to incorporate both passive and active systems in a synergistic view for validation.  It is complicated – there needs to be a plan from the beginning of the missions, what accuracy of the calibration is needed to provide the products. Calibration plans are currently done, but for products/applications - how do we do the validation?

Need field sites for a comprehensive scaling understanding climate models.  The hope is to build off current infrastructures such as ARM.

International collaborations should be fostered to improve the number and quality of available data sets
NASA should be encouraging the pursuit of difficult sites as well as the more straightforward sites.  Work at difficult sites will help to determine what a difficult site really is.
A critical missing piece to date is the commitment for maintaining a cal/val data set beyond the science duration, maintaining the “converter” between data sets that would allow us to go between temporal data sets, and understand data of multiple sensors.[image: image1.jpg]



